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FIELD OF THE INVENTION

This invention relates to sulfated oligosaccharides, their preparation and use as
anti-angiogenic, anti-metastatic and/or anti-inflammatory agents.

BACKGROUND TO THE INVENTION

Heparan sulfates belong to the glycosaminoglycan family of polysaccharides.
They are present in most multicellular animals and have a ubiquitous distribution, being
expressed on the cell surface and in the extracellular matrices (ECM) of most tissues
(1, 2). Heparan sulfates usually exist as proteoglycans and there has been considerable
progress in sequencing and cloning the core polypeptides of the molecule. So far, for
example, at least eight different heparan sulfate protéoglycan (HSPG) core polypeptides
have been identified on the cell surface (3).

Initially HSPGs were considered to play largely a structural role on the cell
surface and in the ECM. However, heparan sulfate chains exhibit remarkable structural
diversity (2, 4) which suggests that they may provide important signalling information
for many biological processes. Thus, although heparan sulfate chains are initially
synthesised as a simple alternating repeat of glucuronosyl and N-acetylglucosaminyl
residues joined by p1-4 and a1-4 linkages there are many subsequent modifications. The
polysaccharide is N-deacetylated and N-sulfated and subsequently undergoes C5
epimerisation of glucuronosy!l units to iduronosyl units, and various O-sulfations of the
uronosyl and glucosaminyl residues. The variability of these modifications allows for
some thirty different disaccharide sequences which, when arranged in different orders
along the heparan sulfate chain, can theoretically result in a huge number of different
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growth factor (bFGF) (7, 8) and vascular endothelial growth factor (VEGF) (9). HSPGs
are also a key component of basement membranes, which represent a major barrier to
cell migration (10). Basement membrane barriers can only be breached when cells deploy
a range of degradative enzymes (11) including an endoglycosidase, termed heparanase,

15 which cleaves heparan sulfate chains (12, 13).

1t has been shown that many of the biological processes in which heparan sulfates
participate involve the recognition of unique heparan sulfate structures, with the position
of the sulfates in the polysaccharide chain being of critical importance (3). For example,
20 it has been demonstrated that defined heparan sulfate sequences are recognised by acidic
and basic FGF (14-16) and cleaved by heparanases. Based on these observations, it has
been an objective of the present inventors to synthesise sulfated oligosaccharides which
block heparan sulfate recognition by growth factors, and inhibit cleavage of heparan
sulfates by heparanases. In the case of blocking of growth factors, it was considered that
25 low molecular weight mimics of heparan sulfate should be particularly effective, as it is
now believed that cell surface heparan sulfates mediate the cross linking of growth
factors bound to their receptors (17). Furthermore, sulfated oligosaccharides should be
effective heparanase inhibitors by acting as non-cleavable substrates of this enzyme.
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number of clinical applications. The subendothelial basement membrane represents a
major physical barrier for the passage of endothelial cells, tumour cells and leukocytes
through the blood vessel wall. The heparanase enzyme, combined with a range of

15 proteolytic enzymes (eg, plasmin, matrix metalloproteinases), plays an essential part in
basement membrane degradation by invading cells (11-13, 21). Thus, by preventing
basement membrane degradation, sulfated oligosaccharides with heparanase-inhibitory
activity should exhibit anti-metastatic and anti-inflammatory activity, and in addition
may inhibit early stages of angiogenesis. The usé of sulfated oligosaccharides which

20 simultaneously inhibit angiogenic growth factor action and the heparanase enzyme would

| be preferred in many clinical situations, eg, treatment of highly metastatic solid tumours

and rheumatoid arthritis.

Prior International Patent Application No. PCT/AU88/00017 (Publication No.
25 WO 88/05301) discloses the use of sulfated polysaccharides such as heparin and
modified heparin, fucoidin, pentosan sulfate, dextran sulfate and carrageenin lambda,
which block or inhibit heparanase activity, in anti-metastatic and/or anti-inflammatory
treatment of an animal or human patient.
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10 SUMMARY OF THE INVENTION

In accordance with one aspect, the present invention provides sulfated
oligosaccharides, wherein the oligosaccharide has the general formula I:

15 Ri-R)oR,
wherein R, and R, and each R, represents a monosaccharide unit, all of which
| may be the same or different, adjacent monosaccharide units being linked by 1+2, 13,
1-4 and/or 1-6 glycosidic bonds; and
20 n is an integer of from 1 to 6.

The sulfated oligosaccharides in accordance with this invention are based on
polymers of monosaccharide units, which may be linked by 1-2, 1-3, 1~4 and/or 1~6 .
glycosidic bonds and which may consist of from 3 to 8 monosaccharide units.

25 Preferably, the oligosaccharides consist of from 3 to 6 monosaccharide units (that is n is
from 1 to 4), more preferably from 5 to 6 monosaccharide units (n is from 3 to 4). The
polymers may comprise homopolymers containing only one type of monosaccharide unit,
or heteropolymers containing two or more different types of monosaccharide units.
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wherein each R, group is the same and each represents a monosaccharide unit,
adjacent monosaccharide units being linked by 13, 1-4 and/or 1+6 glycosidic bonds;

and
15 n is an integer of from 1 to0 6.

In this particuia.r aspect, the invention also provides sulfated oligosaccharides,
wherein the oligosaccharide has the general formula II above. '

20 Preferably, in the homopolymeric oligosaccharides of formula IT, the
monosaccharide unit is a hexose such as glucose, mannose, altrose, allose, talose,
galactose, idose or gulose. Preferably also, in these oligosaccharides n is from 1 to 4,
more preferably from 3 to 4.

25 The oligosaccharides of genera! formulae I and IT also include compounds
wherein the monosaccharide units are derivatised, in particular where the units are
phosphate, acetyl or other ester derivatives of monosaccharides.

In general, the sulfated oligosaccharides of this invention may be prepared by
30 sulfation of the oligosaccharides by methods known per se in the art to give their
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more preferablysf g pBlyfaccharides (for example maltotetraose, maltopentoase and maltohexaose;

glucotriose, glucotetraose and glucopentaose; chondroitin tetra-, hexa- and
octasaccharides; and mannopentaose phosphate from the yeast Pichia holstii).

As previously described, sulfated oligosaccharides falling within the scope of this
10 invention have been shown to exhibit heparanase inhibitory and/or growth factor
inhibitory activity, and accordingly in yet another aspect the present invention extends to
the use of a sulfated oligosaccharide as described above as an anti-angiogenic, anti-
metastatic and/or anti-inflammatory agent in the treatment of a warm-blooded animal
(including a human) patient.
15
Thus, the present tnventlon extends to a method for the anti-angiogenic, anti-
metastatic and/or ann-mﬂammatory treatment of 2 human or other warm-blooded animal
patient in need of such treatment, which comprises administration to the patient of an
effective amount of at least one sulfated oligosaccharide as described above.
20
The active component is administered in therapeutically effective amounts. A
thmpémically effective amount means that amount necessary at least partly to attain the
desired effect, or to delay the onset of, inhibit the progression of, or halt altogether, the
onset or progression of the particular condition being treated. Such amounts will depend,
25 of course, on the particular condition being treated, the severity of the condition and
individual patient parameters including age, physical condition, size, weight and
concurrent treatment. These factors are well known to those of ordinary skill in the art
and can be addressed with no more than routine experimentation. It is preferred
generally that a maximum dose be used, that is, the highest safe dose according to sound
30 medical judgement. It will be understood by those of ordinary skill in the art, however,
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10 which comprises at least one sulfated oligosaccharide as described above, together with a

pharmaceutically and veterinarily acceptable carrier or diluent therefor.

The formulation of such therapeutic compositions is well known to persons
skilled in this field. Suitable pharmaceutically or veterinarily acceptable carriers and/or
15 diluents include any and all conventional solvents, dispersion media, fillers, solid
carriers, aqueous solutions, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, and the like. The use of such media and agents for
pharmaceutically and veterinarily active substances is well known in the art, and it is
described, by way of example, in Remington’s Pharmaceutical Sciences, 18th Edition,
20 Mack Publishing Company, Pennsylvania, USA. Except insofar as any conventional
media or agent is incompatible with the active ingredient, use thereof in the
pharmaceutical and veterinary compositions of the present invention is contemplated.
Supplementary active ingredients can also be incorporated into the composition.;,.

25 It is especially advantageous to formulate compositions in dosage unit form for
ease of administration and uniformity of dosage. Dosage unit form as used herein refers
to physically dxscrete units suited as unitary dosages for the human or animal subjects to
be treated; each unit containing a predetermined quantity of active ingredient calculated
to produce the desired therapeutic effect in association with the required pharmaceutical

30 or vgterinmy carrier and/or diluent. The specifications for the novel dosage unit forms of
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for the solid tumours, proliferative retinopathies and rheumatoid arthritis, as well as in the
treatment of inflammatory diseases and conditions in which the heparanase-inhibitory
10 activity of the sulfated oligosaccharides wonld be particularly useful in inhibiting
* leukocyte infiltration, including chronic inflammatory diseases where leukocyte -
infiltration is a key element such as rheumatoid arthritis, multiple sclerosis, insulin
dependent diabetes mellitus, inflammatory bowel diseases such as ulcerative colitis and
Chron’s disease, allograft rejection and chronic asthma.
15 ' _
Throughout this specification, unless the context requires otherwise, the word
"comprise", or variations such as "comprises” or "comprising”, will Be understood to
imply the inclusion of a stated integer or group of integers but not the exclusion of any
other integer or group of integers.

DETAILED DESCRIPTION OF THE INVENTION

As broadly described above, the present invention relates to sulfated
oligosaccharides and to their use as anti-angiogenic, anti-metastatic and/or anti-
25 inflammatory agents.

Some oligosaccharides can be obtained from natural sources for subsequent
sulfation, however, a simple procedure for synthesising oligosaccharides of defined chain
length and stereochemistry is highly desirable. The present invention provides an

30 improved method for synthesising and isolating oligomers of hexose sugars from simple
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of solvent, may be heated in the presence of a catalyst to give branched and linear
polymeric products with various and sometimes ill-defined chemical linkages (22, 23).
Another method where the sugar is melted in the presence of cation exchange resins (24)
15 also gives high molecular weight highly branched polymers. In these two examples, the
polymers are formed with the concomitant loss of one molecule of water for each
polymer bond formed. Another example of .a known method of step-wise polymerisation
involves utilising the Koenigs-Knorr reaction where sugars possessing nonhydroxylic
groups (such as a bromine or chiorine atom) in position-1 and protecting groups (such as
20 acetyl) on other sugar hydroxy! groups are caused to react at position-1 with a hydroxyl
group on another sugar (24). In these methods a molecule other than water, for example
HBr, is lost during the polymer bond formation. This method of preparing
oligosaccharides is tedious, requires the preparation of complex starting materials and
gives poor overall yields (25).
25
In a similar manner it is known that a hexose sugar containing a primary alcohol
group on carbon 6 and O-protecting groups (such as acetyl) at positions 2,3 and 4 and a
leaving group such as bromine in position 1 will self-condense, especially in the presence
of a catalyst such as silver oxide, to give 1,6 linked polymers; a series of gentiodextrins
30 have been prepared in this manner from 1-bromo-2,3,4-tri-O-acetyl-a-D-glucose:
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.the art of conpoundi ng such an active ingredient for the particul ar
treatnment. The sul fated oligosaccharides of this invention
' may be used in the treatnent of anglo%enesis-dependent di seases

- including angi ogenesis associated with thd8growth of solid-tunours,
‘proliferative retinopathies and rheumatoid arthritis, as well as in the
treatment of inflamuatory di seases and conditions in which the

hepar anase- i nhi bi loveyer yidlds ofthe oligogacharides were lpw dueitashe fpsmationef 1, érashydoerfe

chroni ¢ i nf1 amyat pcprd Sl dfholecplr LBIMERRKLE gl o BTURRP (b apl! "°

el ement such as rifi@ieRta20t)dvesé hdtigodd and yields ofthe tetrainer il pentames weteworse (£5%)
dependent di abetes nellitus, inf Ih@mt ory obovﬁl d{ seases such as ulcerative
colitis and a0t hexam et wunsdeo inolu1% Weld @8 on and chroni ¢ ast hma.
15 hr oughout this specification, unless the context requires
ot herwi se, the wor d "conprise", or variations such as "conprises" or
"conprising", wll be Moduentpﬂhcaﬁons describephemichbsyntheses of polymersaof J;calinibd-

I nt eger or group i nte t,the | usj on of .an . t her .
i nt eger or group yrlamsg Bs(% B"’Mﬁlﬁg %EMW"%%“‘”“”
| NVENTI ON reaction of&lybfoﬁu“ﬁl' derilativési Phif nitiliod G hdnfiRrdd bR borisidéible éffort

relates to sul fated osaccharides and to their use as
anti - angi ogeni c, teededtaprepateihe anhydrasugar yarting mategial and;theraisnorayidegenthat

S oo RO B RA A Ral  0 B BlaaPUi oo iagi
of defined chain carned out at, for example, -60°C. Another method has employed acid catalysed melt
polymerisation of 1,2,3,4-tetra-O-acetyl-B-D-glucose to prepare a mixture of 1,6'-linked
oligosaccharide acetates which, upon deacetylation and subjection to chromatographic
examination, was shown to contain mostly mono and disaccharides, namely glucose
15 (15%), levoglucosan (4%) and gentiobiose (16%) while the oligosaccharide yield was
unacceptably low, specifically, gentiotriose (4%) and gentiotetraose (0.6%) (29). This
method was described subsequently in greater detail (30) and although the yield of
polymerised products was improved upon slightly it resulted in only very poor yields of

the expected oligomers.
20
It thus appears from the literature that, although several procedures already exist
for preparing a number of oligosaccharides, no method for synthesising homo-
oligosaccharides in good yield from readily available and inexpensive starting material
has been described to date.
25
In work leading to this invention, the inventors have discovered a process
whereby specific hexopyrano-oligosaccharides can be synthesised in good yields from
readily available and inexpensive starting materials. In accordance with this aspect of the
invention, there is provided a process for the preparation of hexopyrano-oligosaccharides
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starting nat eWa#683126 good yi el ds wherein the sugar nononers RET/AUASHH238

ol igoners are linked with a 1->3, 1->4 and/or 1-6 |inkage. This nethod
for manufacturing oligoners of hexose sugars contrasts sharply with

t he manner in which such sugar oligoners hﬁ\ée previ ously been

manuf actured in that good yields are obtal t he degree of 5
oligonerisation is readily controlled and the products derived fromthis
nmet hod are cLogous | | near oI| Whl ch are easily isolated and
purified using &W&D compnseg detivative o ahexosemanmemmlyent
exanpl es which de ?’E&gﬁe 4 B&bi

ol i ggmers can be I'n e sSci enmq;I @%gngggatentsﬁlateratur%m%%r
exanple, in a connDnIy used procedure an unnodi fied sugar nononer,

either alone or in the presence sol tedl the
presence of a catal ysﬁnt"ﬁwdﬁ? B’Pﬂﬁ‘b‘ﬁeﬁﬁ’%ﬁﬁf%&}“&m@
with various ang ﬁ&u&hﬁmmk&uﬂﬁdﬁqéth@acétw&eﬂwaﬁ uQ&L,manno

Anot her net hod where the sugar is nelted in the presence of cCcation exc ange

resins (24) 15 o8alastage.\alteos gralose, idose ond allose ¢andieimads toitake placoinia/mer s

055 of one. ol cctraotsd dimer f@?“’é%‘é‘%ﬁhm#ﬁ%@&s#ch’é@e& 3 et e
exanpl e of a knovﬂegraetoﬂoﬂgmﬁerkmﬁm(bbaiﬂdngihywmmlwmonmuddfby@hﬂﬂﬁﬂauonofthe
utilising the Koeni gs Knorr r‘gﬁﬁt I Qn where sugars ssessi n% nonhydr oxyI e
groups (such as & phignmegisyion regct B’b#ﬁ d By VY

groups (such ago2fverwRick khe redbtioh hkeino%@ﬂ{ pM%WﬂQShEJ&:ﬁWn,
react at position-1 with a hydroxyl
the crude product mixture may be subjected to further acetylation, in order to acetylate
the remaining free hydroxyl groups of the oligosaccharides. The acetylated
oligosaccharides can then be readily separated by adsorption chromatography. The acetyl
groups have ultraviolet light absorbance, facilitating the use of spectrophotometry for
15 identifying the acetylated oligosaccharides as they are sequentially eluted from the
column. The acetyl protecting groups can also be removed from the oligosaccharide
mixture, and the resulting oligosaccharides separated according to size by gel filtration

(size exclusion) chromatography.

20 In the Examples described herein, the sulfated oligosaccharides are isolated and
used as their respective sodium salts. It will be understood that other pharmaceutically
acceptable salts, such as caicium or pharmaceutically acceptable amine salts, may be
isolated and used in the corresponding manner. Accordingly, references herein to a
“sulfated oligosaccharide” are to be understood as including such sodium or other

25 pharmaceutically acceptable salts of the sulf'ated oligosaccharide.

Further features of the present invention are more fully described in the following
Example(s). It is to be understood, however, that this detailed description is included
solely for the purposes of exemplifying the present invention, and should not be
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Figure 1 shows the effect of maltohexaose sulfate on human angiogenesis in
vitro. Upper figure is a digital image of control angiogenesis 14 days following culture
initiation. Lower figure depicts angiogenesis in the presence of 20ug/ml of

15 maltohexaose sulfate.

Figure2  shows the effect of different concentrations of maltose sulfate (C),
maltotetraose sulfate (©) and maltohexaose sulfate (ll) on human angiogenesis i vitro.
Data obtained from digital images of angiogenic response 14 days. following culture

20 initiation. Each value mean = standard error (n=4).

Figure 3 shows the effect of different concentrations (ug/ml) of sulfated
mannopentaose phosphate from Pichkia holstii on human angiogenesis in vitro. Data
obtained from digital images of angiogenic response 19 days following culture initiation.

25 Each value mean = standard error (n=4).

Figure 4 shows the effect of sulfated maltose oligoéaccharides of different
chain length on the metastasis of the rat mammary adenocarcinoma 13762 MAT.
Control animals received 13762 MAT cells in the absence of oligosaccharide.

30 In panel A treated animals received 2 mg, i.v., of each compound at the time
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10

Figure 6  shows the effect of degree of sulfation of maltohexaose sulfate on
its ability to inhibit metastasis of the rat mammary adenocarcinoma 13762 MAT.
Numbers along x-axis refer to number of suifate groups/maltohexaose molecule,
Control animals received tumour cells in the absence of compounds. The

15 oligosaccharides were administered at a dose of 2 mg/rat, i.v., at the time of tumour
cell injection. Vertical bars represent standard errors of means,

Figure 7 shows the effect of maltohexaose with different numbers of
sulfate groups/molecule on in vitro human angiogenesis. Oligosaccharides were added
20 at 200 ug/ml and the assay was performed in serum free medium. A similar angiogenic
response was observed in this experiment whether the assay was performed in serum
containing (20% FCS) or serum free (no FCS) medium. Maltohexaose with 20
sulfates/molecule represents the maximally sulfated molecule. Data mean 4 standard
error of four determinations

Figure 8 shows the effect of different mannose containing sulfated
oligosaccharides on in vitro human angiogenesis. Values in brackets represents %
sulfation of oligosaccharides. Oligosaccharides were added at 200 ug/mi and the assay
was performed in serum containing medium. Data mean + standard error of four

30 determinations



controll ed manner to give O acetyl ated hexose oligosaccharides. In this
process, the - __degree_of oligonerisation_(chain |ength)_can readily be
controlled by manipul ati on of the tenperature at which the

ol i gonerisation reaction takes place and by varying the tine 10 over which
the reacti on iwoégdspeed to proceed. Follow ng the oligoneri s@®ITADINBR3S | on,
t he crude product m xture may be subjected to further acetylation, in order

to acetylate the remai ning free hydroxyl groups of the
ol i gosacchari des. The acetyl ated oliﬂosaccharides can then be readily
separated by adsorption chromatography. THé-acetyl groups have

ultraviolet Iight absorbance, facilitating the use of spectrophotonetry for
15 identifying the acetylated oligosaccharides as they are sequentiall
eluted fromthe digurer. Thehawsdhe effest gf%&&wdgn@nw@mngnr@ewfedl rent

renoved fromthe gligosaccharid . ) X ' :
ol i gosacchari des Mﬂn%m g@%ﬁ%@%hﬁz MA(TSi ze
excl usi on) chr onewslgesdi Brackets Zépresent % shifatio ®f bligosaccharidis s Contbsl dnliilereceivid e

sul fated ol i'gosacchari des are i1solated and used as their respectiyve

sodi um sal ts. |t 13762 MAT gellsdp therbaence of oligasacchanide, Treated animals received either

accept abl e saltsg, P r @@ﬁ@&fn!d. Gitnleli AhddGr
salts, may be 5 2%@5?2%&@5@ use '?ﬁ%e c rrespor%a%y%%&’ cell
Accordi ngly, ref cinjections Vieetioal bars repeesent stahdartl feerbrscofheé meamscchari de” are to

be understood as including such sodium or other 25 pharmaceutically
acceptabl e salts of the sulfated oligosacchari de. Furt her

features of the preseFniragont i gibwad'the SRcEof slifatéd $eRELEAM givkokere f ol | owi ng
Exanple(s). It is to be understood, however, that this detaglll ed description
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oligosaccharides. Control animals received 13762 MAT cells in the absence of
oligosaccharide. Treated animals received 2 mg subcut. of each compound immediately
after the i.v. tumour cell injection. Vertical bars represent standard errors of the means.

15 EXAMPLE 1

Oligosaccharides of mannose were obtained in the following manner: 1,2,3,4-
tetra-O-acetylmannose (31) (15.0 g, 43 mmol) and zinc chloride (1.5 g) were thoroughly
mixed in tetramethylene-sulfone (7 ml), this mixture was heated under reduced pressure

20 with stirring at ca. 110°C for 6 hrs; at this point the reaction mass had hardened and
vapour (acetic acid) generation had ceased. Throughout the time of reaction a sodalime
tube was situated between the reaction vessel and the vacuum source. The reaction
mixture was allowed to cool and a portion (11.0 g) of the product mixture was dissolved
in dry pyridine (20 mi) and to this solution was added acetic anhydride (2 ml), this

25 mixture was protected from atmospheric moisture and heated at ca. 50°C with stirring
for 2 hrs. After cooling, ethanol (10 ml) was added and the mixture allowed to stand for
2 hrs. The pyridine, ethanol and any ethyl acetate formed were evaporated off under
reduced pressure and the residue washed extensively with water to remove zinc chloride,
tetramethylenesulfone and pyridine. The residue was dissolved in dichloromethane,

30 washed with water and the organic layer dried over anhydrous sodium sulfate. The
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I neention as set out ——above. Exanples 1, 2 and 3
exenplify the preparation of synthetic oligosaccharides by 5 the novel
process disclosed herein, Exanples 4,5 and 6 exenplify processes for the
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sul f at ed ol i gosacchari des as anti-angi ogeni c, ant I -metastatic and/ or
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Figure 1 shows the effect of maltohexaoseldaifate on human angi ogenesis in
vitro. Upper figure is a digital inage of control angiogensis 14 days

 fol | ow ng cul ture | n| t| ation, Lovver figure depicts angiogenesis,in the
presence of 20[ erderiyatised nto two fractions by applying the 2

rﬁgfygt ;Psagggeghl‘?gbg&b#%lmpt oEexaose su fat ek%ferﬁ%%}ggﬁ(ﬁb?)wch

angi ogenesi s’ i n weasifirst eluted wifla tilomifdra ane dhenrwith atietrine Elutiorowith chibroforn gayeni ¢

response 14 days follo | tur 20 |n|t|a.t|on ach val ue .nmegn Lerr
standard error W‘Mtﬂgﬁ%mﬁm‘ glggoq 9 5% of

di f f er ent conceptxﬁﬁhb&rmﬂﬁ AJ. %Wséqueﬁteﬁﬂioﬁ%ﬂﬁhcewnegﬁ%&'lﬂﬂﬁﬂééfﬁﬁy 0-

phosphate from Pichia holstill” on human an%l ogenesis In vitro. Data
obt ai ned from di gcetylatedoligemers tontaiginggeainly frooxpup tocl 21antwse utits| peomolegule

cul ture Imtlat:,\,gﬂ'{"ﬁ'gfi Each val ue nean [err] standard error (n=4).
Figure 4 sho ect of sulfated naltose oligosaccharides of

di fferent chain length on the netastasis of the rat mamary
adenocar ci nonma 13762 VAT. "Control, animals received 13762 MAT cells in
the absence of ol i gosMEwEs A ¢4 8) wagapplied o asolums (3:3.x 135 em) packed with tlc geade

my, 1.v., of eqs R SR IR colubn Whe Gluted with acetone/light-petroleum (bp 60-80°) with a
gradient starting at 1:5 and increasing the percentage of acetone until a final ratio of 1:1
was reached. The flow rate was <0.5 ml/min. By collecting and pooling the appropriate
fractions (determined by silica gel tic analysis) and removing the solvent under reduced
pressure fully O-acetylated mannose oligosaccharides 1a - 1d were obtained as follows (n

15 = number of mannose residues; yield, molecular rotation (¢c=2,CHCl3)): 1a, (3; 0.7 g,
4.2%, [a]’p= + ND); 1b, (4; 4.1 g, 8.4%, [a]”,=+50); 1c, (5; 1.2 g, 7.9%, [ap=
+47.3); 14, (6; 0.8 g, 5.2%, [ay=+36.0). Mixture B (7.0 g) was chromatographed in a
similar fashion to Mixture A but the elution gradient started with acetone/light-petroleum
(bp 60-80°) 4:5 and the percentage of acetone increased until it was 100%. In this

20 manner, the fully O-acetylated mannose oligosaccharides 1d - 1j were obtained as
follows (n = number of mannose residues; yield, molecular rotation (c=1,CHCL)): 1d,
(6; 1.6 g, 10.4%, [a]'=+ND); le, (7; 3.2 g, 21.2%, [a]"p=+50.0); 1f, (8; 0.5 g, 3.4%,

[aF'p=+47.0); 1g, (9; 0.7 g, 4.7 %, [a)p=+59); 1h, (10; 0.9 g, 5.7%, [a]7p,=+54); 1i,
(11; 0.02 g, 0.1%, [a]*'=+ND); 1, (12; 0.03 g, 0.2%, [a]?'p=+ND).

25 |

Compound 1a (1.55g) was dissolved in dry methanol (40 ml) and 1M methanolic

sodium methoxide (8.6 ml) was added with stirring at room temperature. The resulting
precipitate was filtered off, washed thoroughly with methanol and dried. The product
(2a; 0.61 g, 70% [a]*’p = +72°) was identified as mannotriose by elemental analysis

30 (CHN values were + 0.4% of expected), electrospray mass spectrometry (M*504) and
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i ect of mal t oherBosh 2 SONFTTY = +106%), 20, (10, 59% ) 8 4100°; 2 &1 9BX AP,
groups/ nol ecul e &rIND); 24,i(12;98%; felipa¥Ddgenesis. A | gosacchar| des were added

20 at 200 [err]g/mM and the assay was perforned in serumfree nedium A
sim |l ar angi ogenic response was observed in this experinent whether the

assay was perforned i Alefiatitely these mannose oligosaccharides can be isolated by gel filtration

(size exclusion) chromatography. Thus, a mixture of acetylated mannose

10 oligosaccharides was obtained by heating a thoroughly stirred mixture of 1,2,3,4-tetra~-O-
acetylmannose (15.0 g, 43 mmol) and zinc chloride (1.5 g) in tetramethylene-sulfone (7
mI), under reduced pressure at ca. 110°C for 6 hrs as described above. The reaction
mixture was allowed to cool, and water (50 ml) added and the reaction mixture was
stirred at room temperature for 5 min and the water layer discarded. This washing

15 procedure was repeated and the mass was subsequently dissolved in chloroform, washed
with water and dried over anhydrous sodium sulfate. After filtering, the chloroform was
removed under reduced pressure to give the crude ﬁcetylated oligosaccharide mixture
(11.3 g). This mixture was dissolved in isopropanol (20 ml) and methanol (60 m!) and
then 1 M sodium methoxide in methano! (8 ml) was added and the mixture was aliowed

20 to stand at room temperature for 1 hour. The resulting precipitate was filtered off and
washed twice with methanol (30 mf). After drying this product mixture (6.5 g) was
applied to the top of a fine grade P2 ge! (BioRad) gel filtration column (jacketed; 5x90
cm) which had been stabilised by running for two days with water (flow rate 0.5 m! per
min) at 60°C. The column was eluted with water, at a flow rate of 0.5 ml per minute.

25 Products eluting from the column were identified as peaks by differential refractometry
and fractions collected accordingly. In this manner fractions corresponding to the areas
under 11 separate peaks were collected. Each of these fractions was rechromatographed
on an identical P2 gel column maintained at 60°C and eluted with water at a flow rate of
0.5 ml/min. Thus, by way of example, the fraction identified as corresponding to

30 mannopentaose (0.9 g) from the first gel filtration run was rechromatographed to gi\}e a
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Column: Code - CPMA1#1291 (+ guard#1172). A Quaternary Ammonium lon
Exchange column.
Detector: Electrochemical Detector (ED40:IAMP).
Flow rate: 1 ml/min,
15 Solvents: Solution A: 0.1M NaOH

Solution B:  IM Acetate in 0.1M NaOH

Gradient:  Time(min) %A 2B Action

0 95 5 Elutioxi

20 20 9 10 Elution
25 0 100 Elution/Wash
30 0 100  Elution/Wash

Electrospray mass spectrometry showed this compound to have a mass M* of 828,
25 the correct molecular weight of mannopentaose. In a similar manner mannotriose,
mannotetraose, mannchexaose and mannoheptaose identical with 2a, 2b, 2d and 2e above
were isolated.



15

EXAMPLE 1

A i.gosacchari des _of nmannose were obtained in_the faollow ng_manner: 1, 2, 3, 4-
tetra- O acetyl mannose (31) (15.0 g, 43 mml) and zinc chloride (1.5 g) were ’
m xed in tetranmethyl ene-sulfone (7 m), this mxture was
heat ed under wRfhggedsPressure 20 with stirring at ca. 1 110[ BCT/AUIGSR3IBG
hrs; at this point the reaction mass had hardened and vapour (acetic
acid) generation had ceased. Throughout the time of reaction a sodaline
tube was situated between the reaction vessel and the vacuum source. The
reaction m xture was allowed to cool ¥t a portion (11.0 g) of the
product m xture was dissol ved in dry pyridine (20 m) and to this

sol uti on was added acetic anhydride (2 m), this 25 m xture was protected
from at nospheric noi sture and heated at cEXWbErzj Cwth stiring for 2
hrs. After cooling, ethanol (10 m) was added and the m xture allowed to

2 hrs. The pyridine, ethanol and any ethyl acetate forned

vere evaporated of f UNHEE exampld owE Bit effectcTcarying dut the poigmesisation Peabrish at a

extensively with water to rermve zi nc chl oride, t et ramet hyl enesul f one

t hor oughl y

stand for

and pyri di ne.
wat er and the
WD 96/ 33726
PCT/ AU96/ 00238

5

Thelowes temperafuse than insExample 1 Oligossncharision of glucose worephtained by ¢ 1
93&1&&&:&%&& of'1 2. S A-BYLO- I VS inINE L mistink AhsFor thidfmose

oligosaccharides produced by the method outlined in Example 1 abot€;-except that in

derivatised oligosaccharides were initially separate fr tlons by
i gt RO TFHOTEAcHon Bt FAHed it af 0 TR oy et

appl ying the
of silica gel

then with acetone. E

60 L

%@Pre@)as‘ﬂ@h&has in Exampfed iddﬁﬁépﬁhﬂ&s%%ﬁowﬂ%ﬂ m and

ution wth chloroformgave a m xture of the

fully acetyl ated chrowstegraphy, whereheicaluhn (Tremx 155 gm) was perked withtlcgrdesilich gel

10

15

20

25

30

(H). Using similar elution methods to those described in Example 1 the fully O-
acetylated glucose oligosaccharides 3a - 3e were obtained as follows (n = number of
glucose residues; yield, molecular rotation (c=2,CHCI3)): 3a, (3; 4.14 g, 24.9%, (a7~
+37.5%); 3b, (4; 2.92 g, 18.4%, [&]'p=+44"); 3c, (5; 2.99 g, 19.1%, [a]"p=+37.5°);
3d, (6; 1.37 g, 8.9%, [a]” =4+36°); 3¢, (7; 0.18 g, 1.2%, [aJ¥,=+39").

Compound 3a (1.0 g) was dissolved in dry methanol (30 ml) and 1M methanolic
sodium methoxide (5.5 ml) was added with stirring at room temperature. The resulting
precipitate was filtered off, washed thoroughly with methanol and dried. The product
(4a; ([e]”’p = 68.5°) was identified as glucotriose by elemental analysis, electrospray
mass spectrometry (M* = 504) and nmr spectroscopy. Oligomers 4b-4e were treated
similarly to give the following glucose oligosaccharides (n = number of glucose residues;
% yield, molecular rotation (c=2, H,0)): 4b, (4; 85%, [&]’, = +83°); 4c, (5; 90%, [«
=+84°); 4d, (6; 90%, [&]*’p = +86°); 4e, (7; 89%, [a]”p = +92.5%).

Alternatively these glucose oligosaccharides can be isolated by gel filtration (size
exclusion) chromatography. Thus, a mixture of acetylated glucose oligosaccharides was
obtained following heating a thoroughly stirred mixture of 1,2,3,4-tetra-O-acetylglucose
(15.0 g, 43 mmol) and zinc chloride (1.5 g) in tetramethylene-sulfone (7 ml), under
reduced pressure at ca. 110°C for 6 hrs as described above. The reaction mass was
dissolved in dichloromethane, washed with water and dried over anhydrous sodium



S mannose (M xture A). Subsequent elution wth acetone gave a mxture of
fully O- acetylated ol i goners—contaippg—hai-ply -from6—up to 12—
mannose units per nol ecul e (Mture B). M xture A (4 Q)
was applied to a colum (3.3 x 135 cm packed with tlc grade 10 silica
gel (H). The woleenmwawas el uted with acetone/light-petrol eum PEE/AZ6RN2PE, ] )

wth a gradient starting at 1:5 and increasing the percentage of
acetone until a final ratio of 1:1 was reached. The flow rate was
[err]0.5 mM/mn. By collecting and pool i nagt he appropriate fractions
(determned by silica gel tlc analysis) afd=renoving the sol vent under
reduced pressure fully Oacetyl ated mannose ol i gosaccharides la - Id
were obtained as follows (n = nunber of rrannosere5| dues y| el d

nol ecul arr ot at i orsulfatep Theidj %memsweé“#dﬁ“’d angl[the progycs way

ori)] ferr] = Weidhghuftaodd fiuchiopifl é@%fr*‘?}‘rf&r i

M xture B (7.0 g)wﬂhmm&b@ﬁ&@nﬁhhmﬂ(ﬁml)maddedandﬂmmmﬁmd\bmdu

QOng[te?rG] )el Zt Esogtngmadl ent S&ﬁiéﬁ@’%ﬁ ac, tone/l L t;.tleroll%i;’imlttl sgg

In this 20 mn@%mhb@%kéofmﬁ] A FonibR {76 gy OThRS m}emsmsma W&eﬂﬂﬂ’ml}l

wer e obt ai ned as =" nunber of mannose residues; yield
mol ecul ar rotati md(applbdwels[qu) waten jacketed chrqmatoyaﬂugcommw with fine

g 5t | [ alteRsitsnciigon B (BRad), Top Sl i Sued prepphed i i >

0.99. 5.7% [a2D=t86rC for two days Tﬁ 1o uéd. Fallewing adiditiob b the nlikward e 1j,
(12; 0.03 g, 0.22% [[err]][err +ND). 25 Conpound |a (1.559)
was di ssol ved i n cliggsagehari mmndwemaﬁ@pdelutedm%m mllxmng

Teslting N ol 59%%‘*5‘*4?’? oSy RPictbuh OO RIS B MiRcomery

and dried. The prandfiattions colﬂe%mi abcodingly. Iﬁ)ﬂh{theﬂr{lmon& ometﬁrﬁ{dﬁgtb)hemas
Identified as manntrlose elerrenta an 0 (CHN val ues were r
0. 4% of expect ed)™ 8 Mﬁ@&‘?r%t"fé’eﬁ\%‘& WpgFechroma &“@d
96/ 33726 on an nden’ncal P2 gel column at 60 °C and eluted with water at a flow rate of 0.5
PCT/ AU96/ 00238
mbUmin. Thus, by way of example, the fraction identified as corresponding to
15 glucopentaose (0.59 g) was rechromatographed to give a main central peak with one
shoulder on either side. The product eluting in the central peak was isolated by removing
the water under reduced pressure to give (0.3 g) of material which was again
rechromatographed on an identical P2 gel column at 60 *C at a flow rate of 0.3 mV/min.
In this manner was obtained glucopentaose (0.2 g) identical with 4c above. In a similar
20 manner glucotriose, glucotetraose, glucohexaose and glucoheptaose identical with 4a, 4b,

4d and 4e above were isolated.

EXAMPLE 3
25
Oligosaccharides of other hexose sugars including galactose, altrose, talose,
gulose, idose and allose can be obtained by following the methods disclosed in
Examples 1 and 2.



- 16- nnr spectroscopy. Aigoners Ib-1j were treated simlarly to

gi ve the followi_ng nmanngse . oligosaccharides (n = nunbher of mannose
residues; yield %fromacetyl ated derivatives, nol ecul ar rotation
(c=1, Herr]0)): 2b, (4; 75% J[[err]][err] = +78[err]); ,'(5; 85%
[[err]][err] swowemssrae 80[err]); 2, (6, 98% [[err]][er ] BIWZ-E&
(7; 98% [[err]][err] = 86.3); 2f, (8, 99% [[err]][err] =
+98.0[err]); 2g, (9; 99% [[err]][err]=+106[err]); 2h, (10; 99%
[[err]][err] =+100[err]); 2i, (11; 98% [[err]][err] =ND); 2j, (12;
98% [[err]][err]= ND). Al+2natively these nmannose

ol i gosachari des can be isolated by gel filtration (size excl usion)

chromat ography. Thus, a m xture of acetylated mannose 10 ol i gosacchari des

was obt ai ned by heati @rMMWMﬁWObMMMﬁMO
acetyl mannose (15. 4 and i c ch).qr ML 5 .y N :
t et ranet hyl ene- suPPB‘?Pé 23 églﬁcé 5@8“%{2 ](:QW‘TEO[ err]C
for 6 -hrs as desciy i M&mmfone(loml)swmva&slwm

cool, and water (50 ) "added and the reaction m xture was stirred at

room t enper at ur e feduced pr¢ssure withstiering:at ea- Wa%ﬂf HT hys:cat thigpoint the reagtion mess had

Chi or of or m - wes Roiedecsd B o HRGHE o5 pRMEIEAYET Londod, ARINER shlmet

After filtering, iehetmfﬂsoaﬂﬁﬁﬁbmsxmdbmwﬁemﬁcnvaﬂmmpwmmﬁa

give the crude acgtylated ol igosacgharide xpure , 11 3 Thi
m xture was di ssofiereaction |"§6§S‘F‘b ?Pg; g%‘l‘?’&rfﬁ“"l"ed
then 1 M sodium ngt %ﬂ&a%ma%m(&@&dm&aeu%ﬁ%kb@mﬁmsews

allowed 20 to stand at roomtenperature for 1 hour. The resulting
precipitate was f dichloroputhané wanremoved undec teduced pressureanditheprosduntowas(vadghed and

i ne grade o gRr aitaPia i sOhrbhator (Y s mPfifact (70 mB/MBAER 1 s e’
whi ch had been stabnémﬁﬁﬂ(mmowadmmmhmmmw\aim(&mrate 0.5

m per mn) at 60[err]C. The colunn was eluted with water, at_a flow
rate of 0.5 m pe efor 1’hgup> Theresulting ﬂ*ﬂ@ﬁ?ﬁrﬂlﬁﬂﬂ%mwwm

identified as peak: r 'M@{vﬁ?&? lf’u'aﬁUh%
col | ected accordingly ﬁld&' |gmr?anner rac |ons ?r espondi ng toé ﬂé ar eas

under 11 separat edqsmbed forthe manhdse endoglucdse polymserstin Examplesi b andi2 sbowe.s Products
r echr omat ogr ap

: d, . on_ an itdentica el l,u at_60kerr]C
" and el uted V\Atﬁgmﬂl’@s%‘fméheﬁo éﬁ;ﬁ?e@ ng'g’ Wﬁnﬂ#ﬁﬁ@%&
-~ exanple, the fracmamamwmrmlpmrmmwmﬁﬁmnmﬂo 9
~g) fromthe first gel filtration run was_ rechromatographed to give a
these fractions were rechromatographed twice on an identical P2 gel column at 60 °C
and eluted with water at a flow rate of 0.5 ml/min during the first run and 0.3 ml/min on
the second. In this manner the following galactdse oligosaccharides were obtained:
20 galactotriose, 1.03 g, 5.3%,; galactotetraose, 1.15 g, 6.0%; galactopentaose, 1.21 g, 6.3%,;
 galactohexaose, 4.26 g, 22.1%; galactoheptaose, 2.11 g, 11%; galactooctaose, 1.91 g,

9.9% and galactononaose, 0.08 g, 0.4%.

EXAMPLE 4
25
To a solution of sulfur trioxide-pyridine complex (0.8 g) (Aldrich) in freshly
distilied DMF (1 ml) at 80 °C was added dropwise a solution of mannopentaose (2¢) (0.1
g) in dry pyridine (3 ml), and the whole was heated at 80 *C for a further 90 min. The
supernatant was decanted while still warm and the sticky residue washed thoroughly with
30 methanol (2 ml) three times. After decanting the residual methanol, the product was



WD 96/ 33726

PCILAWUQ6/ 00238 : Ny —ein—
central peak with one shoul der on either side. The product eluting in the
central peak was isolated by renoving the water under reduced pressure
to give (0.5 wpoeBsrzé . material which was agai n rechr omat ogPEEASE6M3% N

I dentical P2 gel colum at 60[err]C at a ‘flowrate of 0.3 mM/mn. In
this manner was obtai ned mannopentaose (0.3 g) identical 5 with 2c above.
Found C 38.4; H, 6.7, (Jerr]Herr]Jerr]. 6Herr]Orequires C 38.5; H 6.8%
Ni t rogen val ue was 0% found and 0% expected.” The conpound was
found to be substantially pure by HPLC. Thi s vvas determ' ned on a

Di onex HPLC system configured as follows; : Code -

CPMAL#1291 (+ guadmlwmwm@mDMn@mﬁr(mpHﬁwhbmmacetate(appromately

Flow race 1 m948in 2B Wk vk vigsioug iR CAnsl Shfilpich (000 & o) ke

Sol ution B: I M Aumrlymglqmdmmmmdmmﬁmmmpm'ﬁwmmsﬂﬁmpel&ﬁms
Action

pction Lo ashed thoppughly with water (3 % 10 ml). The retainad overlyigg liqyidgnd washings
El ution/Vash s were combined and put onto a coftitan (1.0 ¥14 crhPSF DOWEX! 50WIX¥A80 cation

exchange resin (H' form). The column was eluted with water until the eluate was
neutral. The eluate (~ 50 ml) was stirred and neutralised (to pH ~7) with sodium acetate
(0.7 g). The solution was diluted with acetone (200 ml) and centrifuged (1,750 x g) to
separate the product. The pellet was finely pulverised by crushing under methanol, and

10 then stirred while still under methanol and then filtered off. The solid was washed
several times with methanol to give the pure (inorganic salt-frée) compound (0.2 g;
66%). The product was not contaminated with barium ion (by micro analysis and flame
ionisation) nor nitrogen (micro analysis).

15 The product, sulfated mannopentaose, was found to have 11 out of a possible 17
positions sulfated. Found C 14.2; H, 3.0; § 14.1; Na 7.3. C3HyOssS;;Na,. 36 H;0
tequires C 14.1; H 5.2; S 13.8; Na 7.2%. Nitrogen and barium values were 0% found
and 0% expected.

20 EXAMPLE 5

To a mixture of sulfur trioxide-pyridine complex (Aldrich Chemical Company) (4
g) in dry DMF (5 ml) was added dry pyridine (10 mI) under a dry nitrogen atmosphere.
This mixture was warmed to S0°C and stirred rapidly while glucohexaose (4d) (0.5g),

25 isolated by the method described in Example 2 above, was added in a single addition.
Additional pyridine (5 ml) was added and the mixture was then heated, with continuous
stirring at 80°C for 90 minutes. The reaction mixture was then kept at 4°C ovemnight.

The liquid was decanted from the reaction vessel, methanol (3 ml) was added and the
semi-solid mass was broken up and mixed thoroughly with the methanol. After settling

30 the methanol was decanted and this procedure was repeated. Water (5 ml) was added to



El ectrospray mass spectronetry showed this conpound to have a mass Mt of

828, 25 the correct nolecular weight_of mannopentaons. In a simlar manner
mannot ri ose, mannot et raose, nannohexaose and mannohept aose i denti cal
with 2a, 2b, 2d and 2e above wer e isol at ed. W) 96/ 33726 '
PCT/ AU96/ 0023%0 96/33726 PCT/AD96/00238
. EXAMPLE 2 Thi s exanpl e shows the effect of carrying out the
. polynmerisation reaction at a | ower tenperature than in Exanple 1.
- digosaccharides of glucose were obtained by 5 pol ynerisation of

1,2,3,4-tetra- O acetyl glucose in the sanme28anner as for nannose

ol i gosaccharides produced by the method outlined in Exanple 1 above, except
that in this case, the polynerisation reaction was carried out at
90[err]C for 8 hahemmﬁihngsoéxdmnddxeresmnngspiunmpbcmswtwiﬂambmba Thexeastion:

1 and the products re i.solat .Ghr o R [+& t he

col um (7 cmx 15%8 "éﬁr‘%&’ ﬁ@&%’f‘i g‘g(sgw n%%e%wx{lbth t Using
simlar el ution nghiiief STHeGesultiiRGoRkios Wabadjustét (PRI, a-shnﬂmzbwammwmh

acetyl ated gl ucose ol i gosaccharl des 3a - 3e were obtained as fol | ows

nunber of (40m}) Jvas addeg; Theresulingclondy solution, wag,centrifuged (3,00 xs)

S, (4 26293 fgf’ﬁ%ﬁ‘?rsé‘#‘&t i ﬁ“dﬁ 1 e o @ pracpitaty. Tho dendfaialt Effd s
[[err]][err]= +C~h§aii[dksoljvedinwatu(loﬂﬂ),n(eﬂlandl (Gﬁng)adﬂed)%dthembe centrifuged as
e riterd “36[%@%%36’ i tpe o oo dplbat, Sl s dssplves oo 19
0, L gy P i e 27
BtoRad) to give the expected sodium salt of the sulfated derivative of 1 6-glucohexaose

10
EXAMPLE 6

Although synthesis of hexose homopolymers is described in Examples 1, 2 and 3,

it is usually extremely difficult to synthesise most oligosaccharide structures. Thus, a

15 simpler approach is to sulfate oligosaccharides of defined structure from natural sources.
The natural product oligosaccharides used in this example were of two classes. The first
class contained oligosaccharides which reﬁuired no further degradation and fractionation.
Examples of this class are maltose, raffinose and stachyose. The second class consisted of
oligosaccharides obtained from naturally occurring polysaccharides which were partially

20 degraded enzymatically or chemically, and size fractionated. Examples of this class are
the amylose-, chondroitin- and dextran-derived oligosaccharides and mannopentaose
phosphate from the yeast Pichia holstii.

Maltose, raffinose and stachyose were purchased from Sigma Chemical Co, St
- 25 Louis, MO. Maltotriose, maltotetraose, maltopentaose, maltohexaose and maltoheptaose
were obtained from Seikagaku, Tokyo, Japan and represent oligosaccharides purified
from limited amylase digests of the at1-4 linked glucose homopolymer, amylose. The
chondroitin tetra-, hexa- and octasaccharides were purified by gel filtration fractionation
of a bovine testicular hyaluronidase digest of chondroitin-6-sulfate as previously



precipitate was filtered off, washed t horoughly wi th methanol and dried.

The_pr oduct . (da—[Terr]][ ett}—=68-5Lrrl)—was ident.ified as

gl ucotriose by elenmental analysis, electrospray 20 mass spectronetry (Mt
= 504) and nmr spectroscopy. Aigoners 4b-4e were treated simlarly
to give the fwogosmssrg gl ucose ol igosaccharides (n = nunber ofPCHIATO6/80238

resi dues; % vyield, nolecular rotation (c=2, H20)): 4b, (4; 85%
[[err]][err] = 483 [err]); 4c, (55 90% [[err]][err] = +84[err]); 4d,
(6; 90% [[err]][err] = +86[err] ); 4de, (7; 89% J[[err]][err] = +92.5[err]
). 25 Al ternatively these gl uccrs@ ol i gosacchari des can be

I sol ated by gel filtration (size excl usi on) chromat ography. Thus, a
m xture of acetylated gl ucose ol igosacchari des was obt aj ned fol | ow ng

heating a t hor ougtesgribedi(32)e Fhecyclohera-Jrepte- andocta-amylogeswege ebtgingd fromstigma.
(15.0 g, 43 mol) ' - ' i e-sul fone (7
m ), under Tg%ggé#;g%%éﬁg#%%ﬁ”ﬁﬁde&?#g%‘?g as descri bed
above. The r_eaction nmass was 30 gji ssol ved i n dichl oronet hane, washed w th
B A et OVer ANey of Sample, malohexaose sullats was propared in thefollowing manner.
sul fate. The di eh Qﬂﬁﬁ&?&l}:@sm ﬁ‘i'diH ﬁe%ﬁpdihﬂfed
product was Sh&ﬁf‘g ed an issg’lﬁgg. I n ?%‘?‘%ﬁ%ﬂ‘go ﬁ?{an met hanol
(60 m) and then DMW (S ml) at80TCwaswdded diogwisea snlutibm abinaltchexdose (.S ghikdlry and
the m xture was all owe o.Stand a room t at f 1 hgur. The
resul ting preci plmdé“\%ééngiﬂgg‘ﬁa&bﬂhwﬁwm Eg{'&iergaﬁlf'h%t hanol
(30 m). A porti OgiperhatantOvasUecdntedswhilestil varasid die%ﬁ&ﬂlﬁﬁdﬁé‘wmwﬂloﬂ%hlﬁ%iﬁh
ed Wi

and applied to a 5 x 90 cm wat erjacketed chronmat ography col unmm pack

fine grade Fmethpnol (0a))dhreetimere | Afeidoranting theitesidust mothanolothb peaduptrvse d,
et 0 ety (90 815 0 P 2808 1
mai nt ai ned at 60 mbofiviferywitheigores stitring. \Aftee centrifughtioni (8)000 x g), the overlying liquid
was decanted and retained and the precipitated barium sulfate pellet was washed
thoroughly with water (3 x 10 ml). The retained overlying liquid and washings were
combined and put onto a column (2.5 x 14 cm) of DOWEX 50W-X8-400 cation
15 exchange resin (H* form). The column was eluted with water until the eluate was
neutral. The eluate (~250 ml) was stirred and neutralised (to pH ~7) with sodium acetate
(3.5 8). The solution was diluted with acetone (1 L) and centrifuged (1750 x g) to
separate the product. The pellet was finely pulverised by crushing under methanol, and
then stirred while still under methanol and then filtered off. The filtrate was washed
20 several times with methanol to give the pure (inorganic salt-free) compound (0.88 g;
55%). The product was not contaminated with barium ion (determined by micro analysis
and flame ionisation) nor nitrogen (micro analysis).

This product was found to have 14 our of a possible 20 positions sulfated. Found
25 CI39;H22;S14.3; Na6.7. 'C”H-,,O-,,S,.Na,.' 45 H,0 requires C 13.8; H5.1; S 14.3;
Na 6.6%. Nitrogen and barium values were 0.32 and 0% found respectively and 0%
expected for each.

'H NMR data (300 MHZ - Gemini 300; referenced from acetone 2.25 ppm down
30 field from TMS); for the above maltohexaose sulfate indicated that 14 of a possible 20



10 Products eluting fromthe colum were identified as peaks by
differential refractometry .. and fractions collected accardingly. In

this manner fractions corresponding to the areas under 10 separate
peaks were col |l ected. Each of these fractions was rechromat ographed on
an-identical Rpdaphygol um at 60 [err]C and el uted with wat e PCRIAUR6/H023RY
rate of 0.5 m/mn. Thus, by way of exanple, the fraction identified
as corresponding to 15 glucopentaose (0.59 g) was rechromat ographed to
give a main central peak with one shoul der on either side. The product
“eluting in the central peak was isol ated - -renovi ng t he wat er under

reduced pressure to give (0.3 g) of material which was again
rechromat ogr aphed on an identical P2 gel colum at 60 [err]C at a flowrate
of 0.3 m/nin. positions weiesulfatedh determiined from @b@n\eallﬁb@(qiﬂzelgﬁmgens

eThigpwes the .
I dentical with 4c_apoye. | sim. ar . r '
gl ucot et r aose, g|‘if8§ﬁ‘¥ 4%%(%@%&%85@%&8%%%%“&“
4d and 4e above V(itepratidy foi BS'H). It can be assumed that all of the primary OH groups, i.e. those at
EXAMPLE 3 25 e Qi gosacchari des of other, hexpse sygars inc|uding

gal act ose, al t r osRosition6pwill be sulfated sigee.this i thed b Qo th§s furtheg

gg} '33‘;“'229 the et hadSedthaGh 83 36teindl sugar rEi@iER bAY ohe Bihdr position will be s¥fited. The
PCT/ AU96/ 00238  terminal sugar residues, in addition to the one on position 6, will eagiphave two other
For exanple, oli osa.cchar!':' gﬁs of gal actose were obtained in the follow ng
manner: 1,2, 3, 4-t = yl gal actose (21.0 g) and zinc chloride (2.1 g)
wer e -

Mannopentaose phosphate was prepared from the exopolysaccharide produced by

10 the diploid yeast Pichia holstii (strain NRRL Y-2448 formerly Hansenula holstii.). The
method for the growth of P. holstii and isolation of mannopentaose phosphate was based
on that described previously (33, 34). Briefly, the crude exopolysaccharide was isolated
from aerobically grown yeast culture supernatants as a potassium salt by ethanol
precipitation. Acid hydrolysis was then used to liberate the mannopentaose phosphate

15 from the phosphomannan monoester core (PPME) of the exopolysaccharide. PPME and
the mannopentaose phosphate were then separated from each other as barium salts by
differential ethanol precipitation and subsequently by gel filtration. The oligosaccharide
has the structure P-6-Man-&-(1-~3)-Man-g-(1~3)-Man-g-(1~3)-Man-g-(1~2) Man (34).

20 The sulfate of the yeast mannopentaose phosphate (33,34) isolated from the
exopolysaccharide of yeast was prepared in the following manner. A suspension of yeast
mannopentaose phosphate (0.09 g) in DMF (2 ml) and pyridine (3 ml) was added to a
solution of sulfur trioxide-pyridine complex (0.8 g) (Aldrich) in DMF (1 ml). The
mixture was heated at 80 °C for 2 hours. The supernatant was decanted while still warm

25 and the sticky residue washed thoroughly with methanol (2 ml) three times. After
decanting the residual methanol, the product was dissolved in water (5 mI) and
neutralised (to pH 6) with barium acetate (approximately 0.7 g in 5 ml of water) with
vigorous stirring. After centrifugation (3,000 x g) the overlying liquid was decanted and
the precipitated barium sulfate pellet was washed thoroughly with water (3 x 10 ml).

30 The overlying liquid and washings were combined and put onto a column (2.5 x 14 cm)



t horoughly m xed in teranethyl ene-sulfone (10 m), this m xture was heated
under reduced pressite W t h—stiv+tnrg—at—ea—908ferr] GHo+ 17 hrs—at
this point the reaction nmass had 5 hardened and vapour (acetic acid)
generati on had ceased. Throughout the tinme of reaction_a sodaline

t ube was sit w0033 ween the reaction vessel and the vacuunPSHAPP0238

The reaction mxture was allowed to cool, the reaction mass was

subsequent |y di ssol ved i n dichl oronetane, washed with water and dried
over anhydrous sodium sul fate. The i_.chl or onet hane was renoved under -
reduced pressure and the product was wei gied and 10 dissolved in

| sopropanol (30 m) and nethanol (70 mM) and then 1 M sodi um net hoxi de

i n met hanol (10 mf) was added and the m xture wa | o t o, stand %H roo

temperature for IWEX HIWX8:400 cafion grcbangs resin m).; Thecoligmn, pas
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pol yners in Exar‘rmﬁe‘i)Mthmﬂnﬁnam(caprwudﬂwsolm@lmlm@mnm(biﬁmﬂn

were identified as fer tlal ac. CtIO
col | ected accordl"f‘?ﬂ ﬂd ﬁ@\%ﬁ%’ﬁ#%gﬂd
these fractionss Wﬁéﬂﬂ&hﬂﬂ mmmmmmm&me@eﬁum

at 60 [err]C and eI ut ed W|th vvater at aflowrate of 0.5 m/mn during

the first run andtteseligynaswashed several timss:with aethanol| ta giveithe swifated yeast o

o 5.3% “gal act otk eﬁ'ﬂgé??ﬁﬁ‘ﬁ% 55! TP Bl S nof alklighhd it Bum o

gal act ohexaose, 4déemgnedty hidro gﬂlmtandl fipine dcnigatiGn)Inbr gitrogé?fmicro analysis).
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EXAMPLE 4 25 _ To a solution of sulfur trioxide-pyridine conplex
(0.8g) (Aldrichg in fm*]iraductwasféhﬁdfdﬂaee'1%&Iadﬂ‘ssiblallsﬁ&1&&fsrsh@aw@35ound

added dropwi se a sol uti on of nmannopent aose (2c
yr i dine (3 nt) - GRESS2ANBIG: S8 hb8cki CaabPSalt,C25 8HOreqsires K215 BT

h
;negl dIeemshedS?%gs:’(%%r%/lW’?ﬁgﬁgﬁpw&n PM)L'%%?TH%@Q%@%X
decanting the resespectivelyaind @oixpeitbdfopieadhlict was

15 1,6-z-Glucose oligosaccharides were prepared by acid hydrolysis of dextran
(average MW 71,000; Sigma Chemical Co.). Thus, dextran (5 g) was dissolved in
distilled water (100 ml) and this solution was adjusted to pH 1.8 with 1M hydrochloric
acid. The mixture was refluxed (100 *C) for 48 hours. The mixture was dried under
reduced pressure and made up to 100 ml with distilled water and dried a second time

20 under reduced pressure.: Absolute ethanol (100 ml) was added to the residue and
evaporated off under reduced pressure. The residue was made up to 4 ml with distilled
water and applied to a 5 x 90 cm water jacketed chromatography column packed with
fine grade P2 size exclusion gel (BioRad). The column had been packed, preheated and
run at 60 °C for two days prior to use. Following addition of the mixture of 1,6-a-

25 glucose oligosaccharides the column was maintained at 60 *C and eluted with water (1
mi/min). Products eluting from the column were identified as peaks by differential
refractometry and fractions collected accordingly. In this manner fractions
corresponding to the areas under separate peaks were collected. Each of these fractions
was rechromatographed on an identical P2 gel column at 60 C and eluted with water at

30 aflow rate of 0.5 ml/min. Thus, by way of example, the fraction identified as
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di ssolved in water (5 rﬂ) and neutralised (to pHerr]6) W|th bari um acet at e

(approxi matel y 0.4 gin2mM of water) with vigorous stirring. After
centrifugati owdes9M@ X g), the overlying liquid was d@®ECTIKUIG003S
retained and the precipitated bariumsulfate pellet was washed

t horoughly with water (3 x 10 nl). The retained overlying liquid and

washi ngs 5 were conbi ned and put onto a colum (1.0 x 14 cn) of DONEX
50W X8- 400 cati on exchange resin (H2%orm. The col um was el uted
with water until the eluate was neutral. The eluate ([err] 50 m) was

stirred and neutralised (to 7) with sodium acetate (0.7 g). The
sol ution was dil ummménmdmﬁzmmxoms)wwﬂwm@m&wM@wwmo

separate the prod | | %F I QMFIQE

nmet hanol , and g&t&ﬁleé'}ggf?@rogg&vﬂﬂ e sgﬂe}(s@#dg?é@?ﬁ%no Wﬂg&
filtered off. Themimﬁte%yrmmmwaterandwnducedprmmmwmw@ 6 gpof materialv e
the pure (inorganic, salt- free) conpoun The product, was
not cont ani nat ed Wﬁlcﬁ B‘F’Wgﬁ‘g @FWEP%GFS@W 60"C'at a flow

i oni sation) nor g mﬁfmn? %a\ﬂﬂ obtainkd etucohexadse0 14 dctros .
sul f at ed nannopen{'&éose was found t ave 11 out g(!)‘:‘ pOSgI bl y?‘ pray M

~ positions sulfat e6990%dndsmmnﬁpnmlﬁu@umﬂ &mlmmse(ozz g) and 1.6-z-

C[err]H[err]qerr% 36 .H requires C14.1; H5.2; S
13.8: Na 7. 2% J“ﬁﬁ[cf&d%? were 0% f ound and 0%

expect ed. EXAMPLE 5

To a m xture of sul fur trioxide-pyridine conplex (Al drich Chenical Conpany)
(4 g) indry DWW (5 m) was added dry pyridine (10 ml) under a dry
nitrogen atnos Pere. This mxture was warned to 50[err]C and stirred
rapi dly while glucohexaose (4d) (0.5g), 25 isolated by the nethod

descri bed in Exanple 2 above, was added i EXAMPLEI|7Z additi on. '

Addi tional pyridine (5 m) was added and the m xture was then heated, with
conti nuous stirring at -80[err]C for 90 minutes. The reaction m xture

was then kept at £ er 'MATREFRIALISIAND METHODS ! i qui d was decanted fromthe
reaction vessel, nmethanol (3 ml) was added and the

15 Anticoagulant Activity of Sulfated Oligosaccharides.

The anticoagulant activity of each sulfated oligosaccharide was assessed as
previously described (35), using both thrombin time and activated partial thromboplastin
time procedures. The activity of each preparation was compared with a heparin control

20 and anticoagulant activity expressed as a percentage of heparin activity.

Human Angiogenesis Assay

The assay method used is described in International Patent Application No.

25 PCT/AU95/00108, the disclosure of which is incorporated herein by reference. Blood
vessels, approx 1-2 mm in diameter and 2-5 cm in length, were excised from the surface
of human placentas within 6 hours of birth. The vessels were placed in Hank's BSS

- containing 2.5 mg/ml of fungizone and cut into 1-2 mm length fragments using fine
dissecting forceps and iridectomy scissors. Vessel fragments were freed of residual clots

30 and soaked in Hank's BSS before use. Dissecting and sectioning of vessels was



sem -solid mass was broken up and m xed thoroughly with the nethanol. After

settling 30 the nethanal was decanted-and this-procedure was-repeated——

Water (5 m) was added to WO 96/ 33726

PCT/ AU96/ 00238 -22 - t he
r emmai ni ng sol Wb sAa726he resulting solution placed into a 50 MCHAIN6023%e.
The reaction vessel was rinsed with additional water (5 m) which was
conbined with the first solution. The resulting solution was adjusted
to pH ca. 7-8 with 40% NaCOH, after which nmet hanol (40 m) was added.
The resulting cloudy solution was centrlTﬁb‘ed (3,000 x g) 5 for 25 mn.

and the clear solution decanted fromthe precipitate. The remaining solid
(10 nd), nethanol (40 nl) added, and the
Nevghoupd, Balmein NSW.

was agai n di ssolved  in water
tube centri f uged peormed withshe,aid of amagnifigelampy

el ' doshl i ng. cof ungitp), Sl diE0gtks Nebdfhcs vice opaingftm{Hidod &%‘."‘éé%%‘t

gi ve. t he expect edndartbriahorigis butpfor eich assayf wdssed frdgmentsfromcondyf one vessel were used.

1, 6- gl ucohexaose. 10 EXAMPLE 6
Al t hough synthesis of hexose honppol ymers is described in Exanples 1, 2 and
3, it is wsuall YAggib g4 dssis weré perforined fy24 G A8 veell diidite pli @%@Fa“ de
structures. Thus, b & M ctgﬁarl es of

npl er 3«8 proach is to sulfate oligosacc

def i ned structurGWanMA)rEI e Wéléﬁomat,mlttnébmmmmmumts/mlm

cl aos. cont ai nea. SiP SONACs Sihei CHEHIRN o' 33 Fofth HO% o BRRRTe ottt alomse oy o

fractionation. 1.0miAvelingfi3ang/afl bbvine fibtitggen (Sigma)yinMedium 199 f Thiehdnibiland

stachyose. The sg ond cI ass copsi s ed of ol i gosac;charl des, obt ai ned

fromnaturally o and.one yessel fragmept quickly placed inthe eeatre 9fcd
enzymatical ly l@rthﬁ%mbﬁﬂﬂré Motﬁﬂﬂatﬁinzgdai@?ibhﬂ@@ltﬁﬂnaﬁm i1 30 5&ondsdndS S

are the vessel fragment was left suspended in the gel. Following gel formation 1.0 ml/well of
Medium 199 supplemented with 20% foetal calf serum (FCS), 0.2 mg e-amino caproic
acid, L-glutamine and antibiotics (gentamycin and fungazone) was added. In the 48 well
format all reagent volumes were halved. Vessels were cultured at 37°C in & humidified

15 environment for 14-21 days with the medium being changed twice weekly. Angiogenesis

was quantified by computer based image analysis, using NIH Image software, of digital
images of the cultures obtained with a Dycam digital camera mounted on an inverted
microscope (Olympus, Tokyo, Japan ).

20 Heparanase Assay

The heparanase assay is based on the observation that the serum protein,
histidine-rich glycoprotein (HRG), binds to heparan sulfate chains and masks the
heparanase cleavage site. Based on the finding that heparanase-cleaved heparan sulfate

25 fails to bind to HRG a heparanase assay has been developed which involves digesting
3H-labelled heparan sulfate chains with heparanase, binding the digested heparan sulfate
to HRG coupled beads and measuring unbound 3H label. With increasing digestion of the
substrate an increasing amount of *H label fails to bind to the HRG beads. Thus, this
method represents a simple and rapid procedure for measuring heparanase activity in

30 tissue extracts and assessing heparanase inhibition by various compounds.



t he anyl ose-, chondroitin- and dextran-derived oligosacchari des and
mannopent aose __ phosphate fromthe yeast Pichia holstii._

Mal t ose, raffinose and stachyose were purchased from Sigma Chem cal Co, St
25 Louis, MO Mltotriose, nalotetraose, naltohexaose and nal t oept aose
were obt ai nedvi o ssspei kagaku, Tokyo, Japan and represent ol i PeTaA60G28ES
purified romlimted anyl ase digests of the [err]1-4 inked gl ucose
honopol ynmer, anyl ose. The chondroitin tetra-, hexa- and

oct asacchari des were purified by gel filtration fract I onati on of a
bovi ne testicul ar hyal uroni dase di gest of2&hondroitin-6-sulfate-as

previ ously WO 96/ 33726
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described (32). The clitigllycbavine intestinal heparinsulfate @My 40 33kDa)avas pattially dedN-f r om

gi gna. . These ﬁl | ggswﬁwmié&wd a? ﬁeasoa@lxsf_gﬁﬁ‘izainﬁl e

the foll owi ng magpRidride. C hick m?hﬂfdl Stﬁ%ggi&%n&rmnﬁemr(m

conplex (4.0 g) (Adrich) in fres rr1) at_ 80

[err] C was added compigsito astivated hwserﬂaﬁ m@) magyfycturers
pyr|d| ne (15 n@ ﬁ ége\/\hole was heated at 80 [err]C for a further 90
mn. The &E&F Int was decanted while still warmand the sticky
- resi due washed thoroughly with met hanol (10 m) three tinmes. After

(16°M) "and neutral | cHumER Sﬁﬁfmmf”dﬁ%%mmw By Iacgbaon (53°¢ Yorpin)
m of water) wt e W%%g% @qwmnasbuﬂ&ﬁmuﬁemme%w&h
was de ante and re

overlying liquid ai ned and the precipitated barium
sul fate pel | et wiosvardscieparan sulfate as heparanase activity present in highly metastatic cultured

10 human carcinoma HCT 116, rat adenocarcinoma 13762 MAT and mouse melanoma B16
cell lines) with 60 pmoles 3H-radiolabelled bovine intestinal heparan sulfate. Activity
was determined by the rate of production of smaller (approx 5kDa) heparan sulfate
fragments that were not bound following passage of the incubation mixture (100 zl)
through HRG-Sepharose mini-columns (200 1 packed beads) which retained the larger

15 uncleaved and partially cleaved substrate.

In heparanase-inhibition assays, different concentrations of inhiBitor were added
to the enzyme prior to addition of radiolabelled substrate, the inhibitor being retained in
the reaction mixture throughout the incubation period.

20
Metastasis Assay

The antimetastatic activity of the different sulfated oligosaccharides was assessed
using the highly metastatic rat mammary adenocarcinoma 13762 MAT (35). The tumour
25 cells were maintained in vitro as previously described (35). Female Fisher 344 rats, (10-
13 weeks of age) were injected i.v. with 2x10° 13762 MAT cells in 0.6 m! RPMI 1640
medium containing 10% FCS. At the time of tumour cell injection animals were also
injected with 2mg of sulfated oligosaccharide, similar results being obtained if the
oligosaccharide was injected i.v., i.p. or subcut. Lungs were removed from the rats 13
30 days following tumour cell injection, placed in Bouin's solution for at least 24 hours and



thoroughly with water (3 x 10 m). The retained overlying liquid and
washings were .. copbined. and pw—ont-o—a—eotui—(2.5 X 14.-en of DAAE——:
50W X8- 400 cation 15 exchange resin (H+ form. The columm was eluted with
water until the eluate was neutral. The eluate ([err]250 rri Wwas
stirred and ne96@s126ed (to pH [err]7) with sodium acetate PCTAU6HBORE

The solution was diluted with acetone (1 L) and centrifuged (1750 x g) to
separate the product. The pellet was finely pulverised by crushing under

met hanol , and then stirred while St'it)%s under nethanol and then

filtered off. The filtrate was washed 20“%Several times with nethanol to
give the pure (inorganic salt free) conmpound (0.88 g; 55% . The

product was not cont am na ar i um .on (detern ne m,cr o naI yS| S
and flame ioni satyogfyetasts d'ﬂ?eyn b&roff‘

product was founﬁmw Wa&&e&e&m@%% wmm%&%medﬁeund
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requires C 13.8; cost] animgls] witls 2 minim fouanimals uded ineach gravpal ues
were 0.32 and 0% found respectively and 0% expected for each.
[err]H NVR data (300 MHZ - Gemini 300; referenced from acetone 2.25 ppm
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positions were sulfated. This was determ ned fromthe chem cal shifts of

t he hydrogens centred around 4.15 ppm (integrating for 20 H) vs those

centred around 4.4 pprmdmg gssay} which is degcribed ir detdi) elséwhersn(38)) svas usedrto theabae
all of the primapy \Sdidk FiBGF dnd BFGH'S Bepalin and assess the ability of the different sulfated
10 oligosaccharides to inhibit this interaction. Briefly, FGFs were immobilised in the wells
of 96 well PVC plates and the binding of radiolabelled heparin to the immobilised FGFs
assessed. In inhibition assays serial dilutions of sulfated oligosaccharides were examined
for their ability to inhibit the FGF-heparin interaction. Inhibition results were expressed
as the concentration of sulfated oligosaccharide required to inhibit heparin binding to the
15 immobilised FGFs by 20% or 50%. Unlabelled heparin was included as a control in all
binding-inhibition experiments. ' |

The FGF-heparan sulfate interaction was assessed, as reported earlier (39), by
- measuring the binding of BALB/c 3T3 fibroblasts to PVC immobilised FGFs, cell

20 binding being detected by Rose Bengal staining of adherent cells. Sulfated
oligosaccharides were examined for their ability to inhibit this cell adhesion process,
which is totally dependent upon heparan sulfate structures on the surface of BALB/c 3T3
cells (39). Data was expressed as the concentration of sulfated oligosaccharide which
inhibited cell adhesion by 50% (IC50).

25 |
Air Pouch Inflammation Model

The assay is based on a previously reported procedure (40). Subcutaneous air
pouches were formed on the backs of mice by injecting Sml of sterile air below the skin
30 of a shaved area between the scapulae of an anaesthetised mouse on day 1. On day 3 the



position 6, will be sulfated since this is the |east sterically hindered
position. It is _further 5 assuned that in.the_internal sugar residues
only one other position will be sulfated. The term nal sugar residues,
in addition to the one on position 6, will each have two ot her

" posi tions sulyaigshrs Mannopent aose phosphat e WBCT/APLME238(
fromthe exopol ysacchari de produced by 10 the diploid yeast Pichia holstii
(strain NRRL Y-2448 fornmerly Hansenula holstii.). The nmet hod for the
grow h of P. holstii and isolation of mannopent aose phosphate was based

on that described previously (33, 34). Br30fly, the crude exopotysaccharide

was i sol ated fromaerobically grown yeast culture supernatants as a
pot assi um salt by et hanol precipitation. Acid hydrolysis was then used
to liberate the mmhmerdmmemmoﬁzsmloﬁmwﬁpmmmondaw

Tannopent aose. phBLeEes iy S phnds Epaler Syl biiictme or LB ot lioeps
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P-6-Man-[err]- (I b»@?rﬁnﬂdisg@#ﬁqnmd- vfmoé({ﬁe-%%hmﬂ‘[eérbﬂ]ﬁwmg?n efan
(34). 20 2,516 el b1 PRSAY LS. AShdie RO RIThér hifky i)
i solated from {he exopol ysacchari de of yeast was prepared in the

f ol -owi ng manner inhidittheinflammatoryfeagtiondty being injectedhsnbout: 5694 imABSpincx sepgrote09
g) in DM (2 m) .,and pyridi 3 m,) .was .add Q ol.uti.on of sulfur
~trioxide-pyridi n¥te iii(éﬁgs"ﬂ’ﬁ%h@ﬁﬁ' °Fﬂ'°f9r<}ﬂa(i°“ﬂ°) fre?wgolpnew%asr e
was heated at 80a£ﬁfuﬂ&ﬁ-ﬁﬂaﬁﬁiw&u&Tm$ﬁﬁeﬁn%w&t.Mlﬁ%WMtdtﬂ .
still warm 25 and the sticky residue washed thoroughly wi th methanol (2
m) three ti nes.waemnmmot&dammhglasﬁmwd&m Gpunteraad t
was di ssol ved ,hn . g | ﬁe&eﬂﬁl ] arium
acetate (approlQi %%%épﬂ%ﬁa?%& ”gfﬂg\‘hﬁ%i%&%ﬁﬁé v%g%%‘s tiring.
After centrifugation (3,000 x g) the overlying liquid was decanted and
the precipitated bari pel l et was washed thoroughly with water (3

m sul fa
x 10 m). 30 Thi '!»‘H‘Pd“ﬂs‘gui d and washi ngs were conbi ned and put onto
a colum (2.5 x 14 cm

A previously reported mouse model of asthma (41) was used to test the ability of
15 the sulfated oligosaccharides to inhibit aeroallergin (ovalbumin, OVA) induced
eosinophil infiltration into lungs. Mice (C57BL/6, 6-10 wk of age) were sensitised by i.p.
injection with 50mg OVA/1mg Alhydrogel (CSL Ltd, Parkville, Australia) in 0.9%
sterile saline on days 0 and 12, On day 24, the mice were exposed to an aerosol of OVA
' (10mg/ml) in 0.9% saline for 30 min three times (at 1 hr intervals), and then exposed to a
20 similar challenge on days 26 and 28. The aerosol was generated at 6 litres/min by a
nebuliser that produced a mean particle diameter of 39 um into a closed chamber of
800cm’. On day 29 the mice were killed by cervical dislocation. Tracheae were
cannulated and the airways lumina were washed with 4 x 1 ml of 0.9% saline containing
BSA (0.1% wt/vol) at 37°C. Approximately 0.8m) of the instilled fiuid was recovered
25 per wash. The bronchoalveolar lavage fluid (BALF) obtained from one animal was
pooled and cell numbers were determined using a standard haemocytometer. BALF cells
were also cytocentrifuged and differentially stained with May-Grunwald-Giemsa
solution, eosinophils being identified using morphological criteria. Data was calculated
as number of eosinophils/ml of BALF. Sulfated oligosaccharides were administered to
30 the animals either systemically by i.p. inserted Alzet miniosmotic pumps or via the lungs




WD 96/ 33726 :
PCILALO6/ 00238 —_— — .25 -
of DOVWEX 50W X8- 400 cation exchange resin (H+ form. The colum was el uted

W th water until the eluate was neutral. The eluate (ca 50 m) was
stirred and rwobssdreesed (to pH 7) with sodi um acet at e PEHAUIAHOZPB. The
solution was diluted with acetone (150 ml) and centrifuged (1, 750 x
g) to separate the product. The pellet was finely pul verised by 5
crushing under nethanol, and stirred while still under methanol. and then
filtered off. The solid was washed3deveral times with methanol to
give the sulfated yeast mannopent oase phosphate (0.18 g). The product
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dextran (5 g) was dissolved in distilled water (100 m) and this
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| Inflammatory Bowel Disease Model

Inflammatory bowel disease was induced in mice by the supplementation of the
20 drinking water with 5% (w/v) dextran sodium sulphate (DSS) as suppled by TdB
Consultancy, Uppsala, Sweden. The solution was adjusted to pH 8.0 and filtered through
a 0.45u media membrane. DSS solutions were collected daily, refiltered and volumes
adjusted with fresh DSS stock. Male BALB/c mice of 6-7 weeks of age were screened
by body weight and those between 20-23 gm were grouped into cages of 5 mice/cage.
25
Mice were injected with sulfated mannopentaose phosphate (20 mg/kg/day) or
vehicle (sterile water) at 8 hourly intervals from day O until day 10. The injection
volume was standardised to 100 ul and injected subcutaneously in the nape of the neck.
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corresponding to 1,6-[err]-glucohexaose (0.19 g) was rechromatographed to
"give a main woosss@itral peak with one shoul-der on either sPOBHAVSOEBoduct
eluting in the central peak was isolated by renoving the water under
reduced pressure to give (0.16 g) of nmateri al whi ch was again

rechr omat ogr aphed on an identical P2 gel colum at 60 [err]C at a flow 5
rate of 0.3 m/nin. In this manner was ot&%i ned gl ucohexaose (0.14 @)

(el ectrospray Mt = 990). In a simlar nmanner 1,6-[err]-glucotriose,
1,6-[err]-glucotetraose (0.21 g) and 1,6-[err]- gl ucopent aose i 0.17 Q)
wer e i sol at ed. 1The DSS consumption rate, body weight and symptoms were scored gl 7

A.  NMATERI ALS AND. VE S 15 Anti I Vi f .
A i gosacchari desn_“ce' mm” mﬁfﬁé‘?ﬁ%ﬁ%ﬁ%@?%%%@@%ﬁ%gﬁﬁo& ed
ol i gosacchari de prgs adpivenafimefical valuesdufd\vind Us regpettiely. Thelprestnte ofimudi@ wast h
thrombin time and activated partial thronboplastin )
also noted and included as a slight diarrhoea score. The sum of the diarrhoea and rectal
5 bleeding scores was then divided by the number of surviving animals in that group on

that day. The total score is the sum of both diarrhoea and rectal bleeding scores.

B. RESULTS
Anti-Angiogenic and Anti-Metastatic Activity of Sulfated Naturally Occurring
10 Oligosaccharides

Once a range of sulfated naturally occurring oligosaccharides had been
synthesised they were examined in a range of biological assays. Table 1 summarises the
results obtained with the sulfated forms of 12 naturally occurring oligosaccharides. The

15 biological activities of suramin, (a compound which has moderate anti-angiogenic and
heparanase inhibitory activity) (42), and heparin are also included in Table 1 for

comparison.

Initially it was shown that all the sulfated oligosaccharides tested had negligible
20 anticoagulant activity, ie < 2% activity of heparin (Table 1). This was an important
property as heparin, a potent antimetastatic compound, has limited clinical utility for this
indication due to its potent anticoagulant activity.

Three of the sulfated naturally occurring oligosaccharides were quite potent
25 inhibitors of human angiogenesis, namely sulfated mannopentaose phosphate (P. holstii
derived), maltotetraose sulfate and maltohexaose sulfate. Mannopentaose phosphate and
maltohexaose were the most potent of these compounds with a 50% inhibitory
concentration of 2ug/ml, whereas maltotetraose gave 50% inhibition at 20ug/ml. An
example of the pronounced inhibition of angiogenesis induced by 20ug/ml of
30 maltohexaose sulfate is depicted in Figure 1. It is interesting to note that heparin had



time procedures. The activity of each preparation was conpared with a
heparin control 20 and-ant.i coagulat—actiwt-y—expressed as a percentage—oef
heparin activity. Human Angi ogenesi s Assay The assay
met hod used is described in International Patent Application No. 25
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mg/ M of fungizone and cut into 1-2 mm|l h fragnments using fine

di ssecting forceps and iridectony scissors. Vessel fragnents were freed of

residual clots 30 and soaked in Hank's BSS before use. Disgecti .and
sectioning of velitlelantiapgiogenic actvity\Bhus; iteppoars likely that sulfated oligosacchirides of
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NSW | Aust r afifretion oBiangibgenesisinhibitioniby thempltose seriesds depixitediinFighré 2and by ood

vessel s of venul ar, and arterial, origin byt, fqr each ass vessel

fragments from MN&%‘@P"W éﬂ.%smy'étm e seen "8’8@%@5 0% ays

were perfornedsi gridd niiltosesulfRle'had liltleinlibifdry abiévify Solfekedl maltotetradsdiahd | dge,

MA). In the 24 well format, 30 [err]l of bovine thronbin (50 NIH units/ni

in 0. 15 M Namaltchexpoge sulfate-were guitepotent inhibitnss FigureR). wvas added to each

- well followed by 1.0 mM/well of 3 nmyg/m bovine fibrinogen (Sigm) in

Medi um 199. The thronbin and ' _
All of the angiogenesis experiments presented in Table 1 involved the addition of

~ oligosaccharide to the culture medium at the commencement of the angiogenesis assay.
10 However, preliminary studies (data not shown) indicate that addition of maltohexaose
sulfate, after commencement of the angiogenesis response, can also inhibit further vessel
outgrowth although most effective inhibition occurs when the compound is added at
culture commencement.

15 The sulfated oligosaccharides also differed markedly in their heparanase
inhibitory activity, the most potent inhibitors being sulfated mannopentaose phosphate
and maltohexaose sulfate, the activity of these two compounds resembling that of heparin
(Table 1). Interestingly, these two compounds are also effective anti-angiogenic
compounds. However, angiogenesis inhibition did not correlate with the heparanase

20 inhibitory activity of many compounds. For example, the sulfated cycloamyloses were
quite potent heparanase inhibitors but poor angiogenesis inhibitors. The maltose series
was also very informative regarding chain length and heparanase inhibition. Table 3
presents the heparanase inhibitory activity for the complete maltose series, ranging from
the disaccharide (maltose) to the heptasaccharide (maltoheptaose). Méltose 'was non-

25 inhibitory, maltotriose was weakly inhibitory, maltotetraose exhibited modest inhibiting
activity, whereas the penta-, hexa- and hepta-saccharides exhibited high inhibitory
activity. Thus, a sulfated pentasaccharide or greater is required for optimal heparanase
inhibition.



fibrinogen were m xed rapidly and one vessel fragment quickly placed in the
centre of 10 the well before clot formatian Usually fibrin gel formation
occurred in 30 seconds and the vessel fragnent was |eft suspended in
the gel. Followi ng gel formation 1.0 m/well of Medi um 199 suppl enent ed
w th 20% f oet wlp9g8she serum (FCS), 0.2 ng e-am no caproic PET/ANIP6/00238 '
L-glutam ne and antibiotics (gentanycin and fungazone) was added. In the 48
wel | format all reagent volunes were hal ved. Vessels were cultured at
37[err]Cin a humdified 15 environnent for 14-21 days with the nedi um
bei ng changed twi ce weekly. Angi ogenesis-34- was quantified by conputer
based i nage analysis, using NIH | mage software, of digital | mges of
the cultures obtained with a Dycamdigital canmera nounted on an inverted
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data suggest that sulfated mannopentaose phosphate and malmhexaose sulfate
10 simultaneously possess considerable anti-angiogenic, antimetastatic and heparanase
inhibitory activities.

The antimetastatic activity of the maltose series of sulfated oligosaccharides is
presented in greater detail in Figure 4. With increasing chain length there was a steady

15 increase in the antimetastatic activity of the oligosaccharides with the penta-, hexa- and
hepta-saccharides being the most active. When administered intravenously at a dose of
2mpg/rat, maltose sulfate had no effect on metastasis (Figure 4A) but when given |
subcutaneously at 4mg/rat significant metastasis inhibition was observed (Figure 4B).
Subsequent experiments revealed that, irrespective of the route of injection (ie, i.v.,

20 subcut. or i.p.), sulfated oligosaccharides exhibited comparable antimetastatic activity
(data not shown). In fact, the antimetastatic activity of maltose sulfate was only observed
when high doses were administered to animals. Since maltose sulfate is a very poor
heparanase inhibitor this result suggests that heparanase inhibition may not be the only
way the sulfated oligosaccharides inhibit tumour metastasis, particularly when high doses

25 of the oligosaccharides are used.

Cycloamyloses were sulfated and inciuded in the study as they represent non-
linear oligosaccharides. It is interesting to note that these compounds were only modestly
active (Table 1), implying that linear oligosaccharides may be required for optimum

30 activity. Furthermore, the most active sulfated oligosaccharides were much more



Initially, bovine intestinal heparan sulfate (M av 32kDa) was partially
de-IN\- acet yl at ed-by-heating i n-bhydrazi-he-hydrate (36) and- re-acetylated
with [err]Hacetic anhydride. Chicken HRG purified by the method of
Rylatt et al (1981) (37), was coupled to CNBr activated Sepharose 4B
(Pharmaci a) awoeessresy to the manufacturers 5 instructions. PCI/AU6/00238
Human pl at el et heparanase activity was determ ned by incubation (37[err]C,
30 min) of purified human pl atel et heparanase (which has been shown to
have the sane activity t owar ds heparap sul fate as heparanase activity
present in highly netastatic cultured 10" Mman carci noma HCT 116, rat
adenocar ci noma 13762 MAT and nouse nel anoma B16 cell lines) wth 60
prol es [err] Hradiol abell ed bovine intestinal, he gran sul fate. Activity

was det er mi ned b§tfeqtize inkhihitops of sngigganesis, metpstasisand Beparanass acHvity than syramit o,

sulfate  frag t . ' ﬂﬁﬁﬁaﬁﬁ{cﬁﬁm
I ncubati on m xt u@iqgﬂbﬁF%%%ggmﬁlar ose I - %gﬁﬂﬁ%usnd( 200
[err]1 packed be@®.) which retained the |arger 15 uncleaved and partially

cl eaved substrate. I n heparanase-inhibition assays, different
concentrations of inhibitor were added to the enzyme prior to addition

of radiol abel | d subsgingd e ahtiifingiogthie) deivity st thécdnPornddid nbt always difectly

reaction m xture throughout the 1ncubation period. 20 Met ast asi s Assay

The anti met ast at farelase with theirdfeparnraserinbibitosy activity it sesmed like]y that was
. . . bt ] . 1276
VAT (35 The & ispatShadly boid bk ddbichedolh bV ICHE biheRERRARNT ag BllRIned

descri bgd (35). ﬂmva,h zlifeios[ﬁgigeﬁchB ga;tsbhtb,su(flitlﬁeloligoszg:‘!:lim‘!&cees i mmes tgbwﬁﬁna)fd
injected i.v. with 2xlI0[err] 137 MAT cel |l s i . RPM 4 . medi um
cont ai ni ng 10% FEE&“S&P"’W‘LifW‘_BPY E‘EH’QHPS_&HW‘Q&‘?P&C mﬁwlﬂmi s0
injected W th 18"Bredious silaly3b@edInternitiond 'Pifehﬁ&gpl&hﬁﬂ_ 1 Ré6. FCITAUS8/08905) have
obtained if the oligosaccharide was injected i.v., ip. or subcut. Lungs
were renoved fr oshowndhat sheunrn30gicpenesis sisayvaed in thisferamplesis largely dependent upon
placed in Boui n" & 39didhl ¥, S & a leiid? bxebik SN il VEGF action. Thus, the various
sulfated oligosaccharides were examined for their ability to act as competitors of the

interaction of bFGF, aFGF and VEGF with heparin or heparan sulfate.

15
It was found that, with increasing chain length, the maltose series of sulfated
oligosaccharides became more effective inhibitors of the interaction of bFGF and aFGF
with cell surface heparan sulfates (Table 2), ie, maltose was weakly inhibitory, whereas
the penta-, hexa- and hepta-saccharides were the most active. Sulfated mannopentaose
. 20 phosphate also exhibited considerable inhibitory activity in this system (Table 2). The
complete inhibition curves for the inhibition of the aFGF-heparan sulfate interaction by
the maltose series of sulfated oligosaccharides is presented in Figure §. Additiopal
studies showed that maltohexaose sulfate was also a potent inhibitor of the binding of
radiolabelled heparin to bFGF and aFGF (data not shown).
25
Since maltohexaose sulfate was one of the most active anti-angiogenic and
antimetastatic compounds, the influence of degree of sulfation on its biological activity
was examined in some detail. Initially it was noted that even though some anticoagulant
activity was detected with the most highly sulfated maltohexaose, this activity was still
30 extremely low when compared with heparin (Table 2). With increasing sulfation,
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I ncl uded in each group. 5 Effect of Sulfated A igosaccharides on the
FGF- Hepari n/ Heparan Sul fate I nteraction A bi ndi ng assay,
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bi ndi ng of aFGF and bFGF to heparin and adess the ability of the different
sul fated 10 oligosaccharides to inhibit this interaction. Briefly, FG-s
were inmobilised in the wells of 96 well PVC pI ates and the bi ndi ng of
radi ol abel | ed hephowener; thererwasiastaady increase in dpesability of;

assays serial dil ng? for
their abilityto%ﬁﬁgﬁ %@ﬁ&j@rln I'n r‘%dzﬁ E‘ﬁer’i)m%on resths
wer e expressed plataﬁxeﬁhﬂadth) ﬁﬁeh@ﬁlfafonwfsa%mim;)saccharl de
required to inhibit heparin binding to the 15 imobilised FG-s by 20% or

50% Unl abel I ed heparin was included as a control in all

bi ndi ng-i nhi bition exgpg &hés ﬁfc?easaﬂ%

i nteraction vvas assesse as ur%el?)o?? Fh?m ? {ﬁf) nmeasuring t

bi ndi ng of BALB/ cdegfégs 6f ﬂxﬁaﬁﬂmm&hm@V@ﬂaﬂMesMﬁaﬁndﬁmWMmg
bei ng detected b ose al staini adher | LS. | f at

ol i gosacchari des Ea?ﬁ%?] %‘Fgfsﬁg?&"ﬁ ﬁigspt M@%I’?‘W
adhesi on process,sulfawd)\m@hedsmvelxﬂmbmmmqm (39:4@@‘# ThHese\dafadignest that

structures on the surface of BALB/¢c 3T3 ). Data was expressed
as the concent r atthess aggrsubtls differences in ths optimpmsplf gosaccharide structure required to

10 inhibit angiogenesis and metastasis. Neverthelas, a number of sulfated oligosaccharides,
derived from naturally occurring oligosaccharides, have been identified which
simultaneously exhibit potent antimetastatic and anti-angiogenic activity. These
compounds are sulfated mannopentaose phosphate from P. holstii and maltopentaose,
-hexaose and -heptaose sulfate.

15
Anti-Angiogenic and Anti-Metastatic Activity of Sulfated Synthetic
Oligosaccharides |

The sulfated synthetic oligosaccharides described in Examples 1-5 were also

20 tested for their biological activity. Table 3 summarises the ability of sulfated synthetic
oligosaccharides containing mannose, galactose or glucose to inhibit coagulation,
heparanase action and growth factor - heparan sulfate binding. All of the synthgtic
suifated oligosaccharides tested exhibited negligible anticoagulant activity. However,
with the exception of the trisaccharides of mannose and glucose, all the other sulfated

25 oligosaccharides were reasonably effective inhibitors of heparanase activity and growth
factor - heparan sulfate binding. In fact, the overall conclusion is that sulfated synthetic
oligosaccharides containing 4-6 hexose units (ic D-mannose, D-galactose or D-glucose)
are highly active in these assays. An exception is galactotriose sulfate, which was
essentially as active as other members of the galactose series.

30



i nhi bited cell adhesion by 50% (1C50). 25 Al r Pouch Inflammation Mdel
The _assay is based on-a—previously reported-—procedure (40)—Subcut anesds—-

air pouches were forned on the backs of mce by injecting 5m of sterile
air below the skin 30 of a shaved area between the scapul ae of an

anaest het i sedwvoeesaz2eon day 1. On day 3 the WD 96/ 337PET/AUS6/00238
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pouch was reinflated by the injection of 2.5m of air. Inflanmation was

i nduced on day 6 by injecting di reCt:HGll into the pouch 1.0M of 56ng/ m-
t hi ogl ycollate or I.QOr of saline as “d&@ control. Approximately 17-20

hrs after thioglycollate injection the aninmals were killed by cervi cal

di sl ocation and the cellular contents of ,the pouch tgfeéé}eved by the
injection of 5 2.5nWhen tested inthe humprsangiogenesis assay; aped mARDase har i des

were tested for 'E“ﬁﬁ'd#’ sOn e LR, bpﬁa-j | BN aYideS R ede diite OY
being injected sh@@ﬁ . :err WP%@}B{’ nﬁ‘g sepadragte %‘ll te e

i medi at el y f ol | activeghandhe seirasacchaside(Figure 8); resemblifig suifated manndpeatinsesphiospimte
was used as .%c.on ol nt.'l-in | anpatory dru bei ng i jhected suhcut .
inoil at 25nmy/ kB ﬁ’ﬁﬁﬁ—{“ﬂrtyasm arly, Wmm%ﬁ% B?m%ﬂa ¢ were
det erm ned usi BOageffedtivé &'sulfited'inglinopbittacse phesphste as dritinetdstatic Mhiys (Figure 9). The
subpopul ations were assessed by inmmunofluorescent flow cytonetry. =
Mouse Ast hma NMbdgalactose containing sulfated oligosaccharides and glucohexaose suifate also inhibited

metastasis (Figure 10), although they tended to be slightly less active than the mannose
containing compounds.

10 Anti-Inflammatory Activity of Sulfated Oligosaccharides

As mentioned above, a key barrier to the entry of leukocytes into inflammatory
sites is the subendothelial basement membrane. In order to traverse this membrane,
leukocytes must employ a battery of degradative enzymes (11). Of particular relevance is

15 the endoglycosidase, heparanase, which cleaves basement membrane associated heparan
sulfate chains and is essential for leukocyte extravasation (12, 13). In fact, as with
metastasis-inhibition studies (35), sulfated polysaccharides which inhibit heparanase
activity are potent inhibitors of inflammation (43, 44). Based on these observations, it
would be anticipated by those skilled in the art, that the sulfated oligosaccharides which

20 were potent anti-angiogenic and antimetastatic agents would be very effective anti-
inflammatory compounds. Of particular importance in this regard are maltohexaose
sulfate and mannopentaose sulfate. Furthermore, since angiogenesis is associated with
chronic inflammatory diseases such as rheumatoid arthritis (18), the antiangiogenic
activity of these compounds would be of additional value in the treatment of

25 inflammation.

Evidence in favour of this prediction has been obtained in several animal models
of inflammation. First, maltohexaose sulfate, mannopentaose sulfate and sulfated
mannopentaose phosphate were able to significantly inhibit thioglycollate-induced air

30 pouch inflammation (Table 4). In fact, in one experiment a single injection of



A previously reported nouse nodel of asthma (41) was used to test the
abirlity of 15 the sulfated oi gosaccharides tao inhibit aeroallergin

(oval bum n, OVA) i nduced ~eosinophil infiltration into lungs. Mce
(C57BL/ 6, 6-10 wk of age) were sensitised by ip. i njection with 50ngy
OVA/'I mg Al hydympedsstadeSL Ltd, Parkville, Australia) in 0.9% PCT/ADGHI2BE
saline on days-0 and 12. On day 24, the mce were exposed to an aerosol of

OVA (10ng/mM) in 0.9% salinefor 30 mn three times (at 1 hr

interval s), and then exposed to a 20 simlar challenge on days 26 and 28.
The aerosol was generated at 6 litres/nmin3By a nebul i ser that produced
a nean particle dianeter of 39 [errminto a cl osed chanber of 800cn8B.

On day 29 the mice were killed by cervical dislocation. Tracheae were
cannul ated and t hmamiopentaose sulfatewas.as effective as prediisolone st inhibiting the beubocydel i ne

cont ai ni ng B 0..1% wt /L vol 37lerr]C. proximately 0. of th
instilled fluid %0&‘&’0‘"‘!@"@&“ K obipabl B4 fehg e Bhrtes e
(BALF) obt ai ned fwgEomewhiésieffective. Even gredtérdfhibitidn of the inflaiiRdtory ¥esponse was
determ ned using a standard haenpocytoneter. BALF cells were al so

cytocentrifuged cabseried whanthe sulfated oligasapcharidgs were ipjectsd in e equal dosge,6 hours

sol ution, eosi ng%ut_s being identified using norphological criteria. Data
was cal cul at ed as nunber of eosinophils/m of BALF. Sulfated

ol i gosaccharides were adm nistered to 30 the aninmals either systemcally by
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an aerosol . M ni Gggk rodBlWTeBroiR aSthind STAik fiddelrls EliYactetised Y mAdiveifMmEddY
chal | enge, and continually delivered drqng until ani'mals were

sacrificed on dayeosigophils inte theduags of mice whichis/indiged byeaaroallergen challenge:(4d). Such
30 mn three t 18 oyl redbofde i€ a0 B e bty 1 pans. Wikn' "¢ 11
Experi nment al Aut cidiiiistereERiaapinivsmotie pirhpsomaliohbyacbédshifate and mannopentaose sulfate
| significantly inhibited eosinophil accumulation in mouse lungs (Table 5). Maltohexaose
sulfate also exhibited some anti-inflammatory activity when administered as an aerosol
(40mg/ml solution).
15
Third, both mannopentaose sulfate and sulfated mannopentaose phosphate
significantly inhibited EAE in a rat model of the disease (Table 6). In fact, some animals
treated with the sulfated oligosaccharides failed to develop disease symptoms. These
data are consistent with earlier studies showing that sulfated polysaccharides which
20 inhibit heparanase activity can reduce the severity of EAE (43).

Finally, mannopentaose phosphate was examined for its ability to inhibit an
inflammatory bowel disease model in mice. This model, which is induced by dextran
sulfate in the drinking water, induces a colitis which resembles ulcerative colitis and, to a

25 lesser extent, Chron’s disease. It was found that at 20 mg/kg/day sulfated
mannopentaose phosphate caused a marked attenuation of acute colitis and also
prevented loss of body weight caused by the disease (Table 7). The controls in this
experiment received the sulfated oligosaccharide injections but not the dextran sulfate in
their drinking water.

30



Spl een cells were prepared for the adoptice transfer of EAE as previously

descri bed (43).
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little anti-angiogenic activity. Thus, it appears likely that sulfated
relatively short chain length are required for

ol i gosacchari des of
this type of WY, A nore conplete titration of angiRCyeAESsHE238
inhibition by the maltose series is depicted in Figure 2 and by

It can be seen that, with the

sul fat ed mannopent aose phosphate in Fi gar@ 3.
mal t ose 5 series, maltose sulfate had little inhibitory activity whereas
mal t ot et raose and meg t ohexcaose sulfate were quite potent inhibitors

(Figure 2). 2 Al of the angi ogenesis experiments presented in

Tabi e 1 involved the add8ion of ol i gosaccharide to the culture nmedi um

at the com*rencerre.gt of t@ angi ogenesi s assay. 10 However, prelimnary
studi es (data not §shown)-3 ndi cate that addition of naltohexaose
sul fate, after cognence t of the angi ogenesis response, can also inhibit
further vessel = outg@owt h although nost effective inhibition occurs
when t he corrpound§i s add at cul ture comrencenent . 15 The
sul fated ol i gosacghari de& al so differed markedly in their heparanase
inhibitory activigy, the‘g’m)st potent inhibitors being sulfated
mannopent aose ph@phate ] and mal t ohexaose sulfate, the activity of
t hese two conpourgls resagbl ing that of heparin (Table 1).
Interestingly, tigese twogconpounds are also effective anti-angi ogenic
angis®genesi s inhibition did not correlate with the

conpounds. Howevey, B

hepar anase 20 irrgwi bitorf activity of many conpounds. For exanple, the
sul fated cycl oam¥ oses vwgre gui te potent heparanase inhibitors but
poor angi ogenesi £ i nhi bifors. The maltose series was al so very
informative regargdi ng clfai n I ength and heparanase inhibition. Table 3

pound required to inhibit by 50% human platelet heparanase ac

aFGF/bFGF, In the case of the heparanase assay, the IC50 for heparin was 2 pg/ml.

PAOPERUMS\PN261S.PCT - 20406

Actual number of sulfate groups attached/theoretical maximum number of sulfate gro

Anticoagulant activity as a percentage of heparin activity (1 00%).
Mannopentaose phosphate isolated from the yeast Pichia holstii.

Concentration of com

ND = not determined,

SUBSTITUTE SHEET (RULE 26)



presents the heparanase inhibitory activity for the conplete naltose

series, ranging from
(mal t ohept aose) .
i nhi bitory,
t hé penta-,
activity. Thus,

Mal t ose was non-
nmal t ot et raose exhi bited nodest
heedsasyagl hept a-.sacchari des exhi bi ted hi gh i nhi bPCAY96/00238
a sul fated pentasaccharide or greater

25 i

nhi bi tory,
i nhi biting

IS required

_the disaccharide (malLtaose) to the_heptasaccharide
mal totri ose was weakly
activity,

wher eas
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i nhi bition.
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Many of the sulfated sugars, have al so
anti-netastatic activity (Tdble 1
good correl ati on between heparandse

activity. Thus, sulfgted nopent agse
sulfate, the two co unds mi &b §hedhi
5 exhibit the greatgg ant i jrefg@stat®c

significantly from &
(Table 1).
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property consistent
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Concentration of compound required to inhibit by 50% human platelet heparanase ac
aFGF/bFGF. In the case of the heparanase assay, the IC50 for heparin was 2ug/ml,

ND = Not determined.



2ng/rat, maltose sulfate had no effect on netastasis (Figure 4A) but when

gi.ven subcut aneously at 4ny/rat sighificant—netastasi s ‘-nhibiti op—was——
observed (Figure 4B). Subsequent experinments reveal ed that,
irrespective of the route of injection (ie, i.v., 20 subcut. or i.p.)

sul fated ol i ypeeasshas | des exhi bited conparabl e anti net ast at |P,C'€(6F?5W%3§
(data not shown). In fact, the antinetastatic activity of naltose sulfate

was only observed when hi gh doses were adnministered to animals. Since
mal tose sulfate is a very poor hepar anase inhibitor this result
suggests that heparanase inhibition rray‘%‘t be the only way 't he

sul fated ol i gosaccharides inhibit tunour nmetastasis, particularly when high
doses 25 of the oligosaccharides are used. Cycl oanyl oses were
sul fated and included in the study as t HBABLE# esent non- | i near

ol i gosaccharides. It is interesting to note that these conpounds were only
nodest |y act i VEFFECGT OF SULFATED OIJGOSACCHARIDES | gosacchari des nay be
required for opti nom,snznmj(mmmmw'e, t he nost active sul fated

ol i gosacchari des were much nore WO 96/ 33726

PCT/ AU96/ 00238 Leuko Infﬂéfte

effective inhibitors of angiogenesis, netastasis ang ase activity

t han suram n (Table 1); a drug currently undergp gm?l?l nical trials as
an anti - angi oq.gug%ingorrpound 42) . 5 Lnce

anti - angi ogeni rvity of the ounds did not always directly

correlate with their heparanase-inhibitory activityExptl seened |iEgpty2 t hat
the sul fated ol i gosacchari des could inhibit angi ogenesis by sone ot her

nmechani sm As nenti oned

Maltohexaose SO4

50mg/kg 767 4412
Mannopentaose SO4 50mg/kg 57£7 16+2
Mannopentaose 50mg/kg ND 5119
phosphate SO4
(P. holstii)
Prednisolone 25mg/kg 56x14 4443

‘a Air pouch inflammation induced by thioglycollate injection and leucocyte influx assessed
17 br later. Drug treatments were injected subcut. at the same time as the thioglycollate
for Expt 1. In Expt 2., the sulfated oligosaccharides were injected subcut. 0 hr and 7 hr
after thioglycollate injection.

. b Data presented as percent control leukocyte number in an air pouch infiltrates + standard
error of mean. Controls were injected with thioglycollate but received no drug treatment,
only a saline injection. The background leukocyte infiltrate in air pouches which were
injected with saline alone was 9:4:2% of that observed following thioglycollate injection.

ND = not determined.



above, it is highly likely that sone sul fated ol igosaccharides can perturb

the action of . angiogenic growmh factors by disrupting growh factor -
heparan sul fate interactions. 10 Previous anal yses (see International
Pat ent Application No. PCT/ AU95/00105) have shown that the human

- angi ogenesi s gupspasmsed in this Exanple is |argely dependent ROTAU96/00238
endogenous bFGF, and to a | esser extent upon aFG-F and VEG- action. Thus,

t he vari ous sul fated ol i gosacchari des were exanmned for their ability
to act as conpetitors of the interaction of bFGF, aFGF and VEGF with
heparin or heparan sulfate. -4t was found that, with

i ncreasing chain length, the maltose series of sulfated

ol i gosacchari des becane nore effective inhibitors of the interaction of
bFGF and aFGF with cell surface hepFABLES fates (Table 2), ie,

mal t ose was weakly inhibitory, whereas t he penta-, hexa- and

hept a- sacchar i de EFFEECT OESURFATED OLIGOSACCHARIDES ONOVALBUMIN (OWAphat e
al so exhi bited considerable inhibitory activity in this system (Table 2).

The conpl ete i nhgtyrbticmb LOSINOPHIL ACCUMULATIONINMOUSE (UNGS$EPar an

sul fate interaction the mal tose series of sulfated oligosaccharides

is presented in Figure 5. Additional studi es showed that maltohexaose
sul fate was al so a potent inhibitor of the binding of radi ol abel | ed
heparin to bFG—eft—era—{gate—rot—show—25 St-ree

anti net ast at i c°¥ unds, thBOWRf| uence BO%egree of sulf

mal t ohexaose syl fate was one_of the nost _active anti-angiogeni ¢ and
S ingppilsfnl |
bi ol ogi cal act Oligesgecharide\as exani ned in some detail. InitiaBMFit was noted

that even though sone anticoagul ant activity was det d& €enttgl® t he nost
highly sul fated maltohexaose, this activity was still 30 extrenely |ow when
conpared with heparin (Table 2). Wth increasing sulfation, _ W
96/ 33726 Maltohexaose Pump, i.p. S50mg/kg/day 57:2
PCT/ AU96/ 00238 -36 -

Maltohexaose Pump, i.p. 115mg/kg/day 917

Maltohexaose Aerosol 10mg/miC 98424

Maitohexaose Aerosol 40mg/mic 63+23

Mannopentaose  Pump, i.p. 50mg/kg/day 63+12

a Mice sensitised to OVA and then a lung eosinophil influx induced by aerosol
administration of OVA. Sulfated oligosaccharides administered either i.p. with
miniosmotic pumps or via the lungs as an aerosol.

b Data expressed as percent control eosinophil number in bronchoalveolar lavage fluid
(BALF) % standard error, controls being animals which were OVA challenged and
received saline either via miniosmotic pumps or via the lungs as an aerosol.

¢ Concentration of sulfated oligosaccharide in the aerosol solution.



however, there was a steady increase in the ability of nmaltohexaose to
inhibit heparanase .——activity and-EGEbidirg—to hepar an—sul f at e (Fable—
2). However, inhibitory activity pl at eaued in both systens when

sul fation was 85% or greater. 5 Met astasi s inhibition studies
(Figure 6) akwomeermensirated that with increasing degr RETIAJ}96/00238

sul fation, maltohexaose sulfate becane a nore effective antinetastatic

dr ug. In contrast, there was a suggestion that very highly sulfated
mal t ohexaose (90-100% sul fated) was _a | ess effective inhibitor of

angi ogenesis (Figure 7). These data sugdégt t hat there are subtle
differences in the optinum sul fated ol i gosaccharide structure required to
10 inhibit angi ogenesis and netastasis. Neverthel ess, a nunber of sulfated
ol i gosacchari des, derived from nat ®ABIE 6occurring ol i gosacchari des,
have been identified which si mul t aneousl y exhi bit potent

ant i net ast at i EFFIBCT-OR SULFATED OLIGOSACCHARIPES ON ADOPTUVWELYar e sul f at ed
mannopent aos eTRANSFERRED EXPERIMENTAL AUTOINMUNE-ENCEPHALOMYELFFISos e

and - hept aoseEAR)* at e. Anti - Angi ogeni ¢ and Anti-Metastatic Activity
of Sulfated Synthetic A i gosacchari des The sul fated
synthetic ol igu e f f 3 WET e g T e

S vs pE0 —Xdllp dl,
for their bioldfatedl activity. NeoWh 3 sunMeAnley Quier api | iiseass Sevgrt
synt hetic Oligosagobaridehar i desEABMOMI ni ng mannose, gal act é%Ceoptrall ucose to
i nhibit coaguTatron, hepar gpase actl o n romh rac - Jhieparan
sul fate bi ndi réonn'gﬂ of the syn&ﬁeti C gssau#:ﬂ;ﬁ’ged oli gosjgélﬁrlpdes tested
exhibited negl)ﬂm&*’g\mﬁ%i coagulggt activity.s Hywver, Y s 4bq
exception of the tftisacchari desggf mannose and gl ucose, all tﬁre}ot'her
sul fated 25 Qfugwpasseri des e reasonabldy+di.3ective i nBd78 £o16:4 of

hepar anase actphgsphiiteyPholti)\M h factor - heparan sulfate binding. In
fact, the ov ' 1 '

—
i hari d iJni -6.h i i I

B gl ucose) & ar A BieAdn ey ik il a0k 10 Got RffaRY Y el dfl. oo ©f

gl o Salfind Mhcocties, aaniiBEhd v bof ok Furi lerl 1"

time of cell transfer, delivered a dose of 70 mg/kg/day.

c Mean day of onset of EAE in animals which developed disease.

d Disease severity represents cumulative clinical score pf animals.
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When tested in the hunman angi ogensi s assay the sul fated mannose
ol i gosacchari des were inhibitory, although the penta- and hexa-sacchari des
were .nore woehsne than the tetrasaccharide (Figure 8), recuuib/o0g3s

sul fat ed mannopent aose phosphat e intheir efficacy. Simlarly, the
sul fat ed mannose tetra-, penta- and hexa-saccharide were 5 as effective
as sul fated nmannopent aose phosphate as antinetastatic drugs (Figure 9). The
gal act ose containing sul fated ol i gosacch#6i-des and gl ucohexaose sul fate '

al so inhibited netastasis (Figure 10), although they tended to be
slightly less active than the mannose cont ai ni ng conpounds. 10
Anti-Inflammtory Activity of Sulfated OFABKE@chari des As

menti oned above, a key barrier to the entry of |eukocytes into inflanmatory
sites is the subendotEFFECT OPSULFATED-MANNOPENTAOSEPHOSFHATE'ON this

menbr ane, | eukocyt es MIRFLAMNIATORY BOWEL DISEASE RN MICE* enzymes (11).
O particular relevance is 15 the endogl ycosi dase, heparanase, which

cl eaves base

essential for IB®Rocyte extravasat iUstreated® 13). In fact astrgateds

nmet ast asi s-i nhi bition studi sul IR | dges

hepar anase activity arf nh| {M %

Based on these_observation be anti c ed b Skl 11 ed
in the art, thgy the sulfatgd ollgosac ?airldes whi gh 20 were pgh

anti-angi ogeni ¢ and antinmetastatic agents woul d be very effectl ve antl -
inflammat ory coprpounds. O gparticular 28®rtance i 0 this regargd2dre

mal t ohexaose sul fate and mannopent aose sul fate. Furthernore, since
angi ogensis i s Zssociated Wth chr 3if inflamBtory di seas@2-6such as
rheurmat oi d art fyl tis (18), the anti anglzg%enl C 0 2.5

4 0 23.3 0 21.9

5 L 234 0 21.9

6 0.47 23.3 0.07 224

7 140 - 227 0.40 224

8 2.47 22.1 0.40 22.3

9 . 2.87 214 0.67 22,2

10 2.00 207 0.93 22.1

a Inflammatory bowel disease induced by the administration of dextran sulfate in the
drinking water.

b Days after initiation of dextran sulfate administration.

c Untreated animals received thrice daily injections of vehicle whereas treated
animals received thrice daily injections of sulfated mannopentaose phosphate at a
dose of 20 mg/kg/day.

d andweasescorerepresenmthesumofbomd:anhoeaandmcmlbleedmgscores
for the animals at each time point.



activity of these conmpounds woul d be of additional value in the treatnent
of _25 infl ammti.on. Evidence—ih—favour ofthi-s—predi cti or—has—
been obtained in several animal nodels of inflammation. First,

mal t ohexaose sul fate, nmannopent aose sul fate and sul fated mannopent aose
phosphat e werwoaeh®r2é o significantly inhibit thioglycoll ate- PREANE 30
pouch inflammation (Table 4). In fact, in one experinent a single injection
of WD 96/ 33726

PCT/ AU96/ 00238 : -38 -

mannopent aose sul fate was as effective a§7predni solone at inhibiting the

| eukocyt e infiltration, which was predom nantly neutrophil in nature,
wher eas nal t ohexaose sul fate was sonewhat | ess effective. Even greater
i nhi bition of Refierence$ | anmat ory response was observed when the sul fated

ol i gosaccharides were injected in two equal doses 6 hours 5 apart.

Second, the su.fat ®ietrith, G PacNider, HB: ad SeausssAdd (1983).tBiothens Biophiys, Res,
inhibit a muanindell 865-871.oni ¢ asthma. This nodel is characterised
by a massive influx of eosi nophils into the lungs of mce which is

I nduced by aerpal | RjdIRA, 384 Laizas, (7 (19915U Alhny 1Revd Bibdhbina NBR 498U 75 £SPONSe

i's characteristic of chronic asthna in humans. Wen adm ni stered vi a
S ani 11 cant 1y S ni Bivy CCUERAE RASERA FNeZsRaas o Cce Iunge. (Table 5.
when adm ni st dea Beke 115, 886, Tl OpEccAPHCE, od-Blg. T Y At
s. Cole, G.J. and Akeson, R. (1989). Neuron 2. 1157-1165.
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Chem. 267, 6093-6098.
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Third, both mannopentaose sul fate and sul fated mannopent aose phosphate
significantly inhibited EAE in a rat_nodel of the disease_(Table 6). In

fact, sone aninals treated with the sulfated oligosaccharides failed
to devel op di sease synptons. These data are consistent with earlier
st udi es showiyyg okhdts Sul f ated pol ysaccharides which 20 inhibeAbssmezsanase
activity can reduce the severity of EAE (43). Finally,

mannopent aose phosphate was exam ned for its ability to inhibit an
i nfl anmat ory bowel di sease nodel in.mce. This nodel, which is induced by

dextran sul fate in the drinking wated8-i nduces a colitis which
resenbl es ulcerative colitis and, to a 25 | esser extent, Chron's di sease.
It was found that at 20 ng/kg/day sulfated mannopent aose phosphate

caused a mar kexy, at iSpivdiKiroizmadh, ¢ Lemmba| M.As, Bikit, 3), Jadbury, hEe\Pinttasi, Doss of
body wei ght caused 12, Favé NS ECrulidey, . 7 Schickkigero Ndnd|Iax) I Cdll 79, 1015-1024,
experinment received the sufftat ed ol i gosaccharide injections but not the

dextran sul fatg i N gokman§i dnd BremKH 919985, Kngicpenesis and inflanifhRfy §23726
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TABLE 4 '8 SOLFATED OLI GCSACCHAR DES ON Al R POUCH

| NFLAMVATI ON[ er r]

Leukocyt e | nfywblog/sizes PCT/AU96/00238
in Air Pouch[err]

(% Control) Treat nent ' Dose

Expt | Expt 2 Mal t ohexaose SO err]

50ng/ kg : 76[err]7 -5044[ err] 12 Mannopent aose S04
50ny/ kg 57[err]7 16[err]2 Mannopent aose
50ng/ kg ND 51[err] 9 phosphate S04 (P.

hol stii) CLAIMS:
1. A sulfated oligosaccharide, wherein the oligosaccharide has the general formula I:

R-RJ).R,
| o
wherein R, and R, and each R, represents a monosaccharide unit, all of
which may be the same or different, adjacent monosaccharide units being linked by
12, 1-3, 1+4 and/or 1-+6 glycosidic bonds and
n is an integer of from 1 10 6.

2. A sulfated oligosaccharide according to claim 1 wherein n is from 1 to 4,
preferably 3 or 4.

3. A sulfated oligosaccharide according to claim 1 or claim 2, wherein the
monosaccharide units are hexoses selected from the group consisting of fructose,
glucose, mannose, altrose, allose, talose, galactose, idose and gulose.

4. A sulfated oligosaccharide according to claim 1, wherein the oligosaccharide has
the general formuia H:

Ry-R,).R,
a
wherein each R, group is the same and each represents a monosaccharide
unit, adjacent monosaccharide units being linked by 1-3, 1-4 and/or 1-+6
glycosidic bonds; and
n is an integer of from 1 to 6.

5. A sulfated oligosaccharide according to claim 4, wherein n is from 1 to 4,
preferably 3 or 4.



Pr edmm/ 56[err] 14
n_l_nd-ueed—by—t-h-l—eg
44[ err] i&l“‘lm‘m“lmm&u!\nu_armat i 0 |l ycol late i nj ect+on—ant-

|'eucocy 17 hr later. Drug treatnments were injected
subeut at* tfie Ssame tine as the thi oglycol l ate for Expt 1. In Expt 2.

the sul f at edwaddepamacchari des were injected subcut. 0 hr andPCHAY fter
thioglycolLLate injection. b Data presented as percent control |eukocyte
nunber in an air pouch infiltrates [err] standard error of mean.
Controls were injected with thioglycollate but received no drug treatnent,
only a saline injection. The background" ’e'ukocyte infiltrate in air pouches
whi ch were injected with saline alone was 9[err] 2% of that observed
followi ng thioglycollate injection. ND = not_ determ ned.

96/ 33726 6. A sulfated oligosaccharide according to claim 4 or claim Spwvherein B, mgmsa

oL GOSACCHARI DES RoBRACEERifanit Jyhich is @ hexose sbfelel i the erbu Gankisfifig ot 1-~/ATED

ACCUMULATI ON | N MsiGbosk LingiSriose, raltrose, allose, talose, galactose, idose and gulose.

7. A sulfated oligosaccharide according to claim 6, wherein R, represents glucose,
mannose or galactose.

8. A sulfated oligosaccharide according to claim 1, wherein the oligosaccharide is a
naturally occurring oligosaccharide.

9. A sulfated oligosaccharide according to claim 8, wherein the oligosaccharide is
selected from raffinose and stachyose.

10. A sulfated oligosaccharide according to claim 1, wherein the oligosaccharide is
prepared by enzymatic or chemical degradation of a naturally occurring
polysaccharide.

11. A sulfated oligosaccharide according to claim 10, wherein the ohgosacchande is an
amylose-, chondroitin- or dextran-derived oligosaccharide.

12. A sulfated oligosaccharide according to claim 11, wherein the oligosaccharide is
selected from maltoﬁen'aosé, maltopentaose, malthexaose, glucotriose,
glucotetraose, glucopentaose, and chondroitin tetra-, hexa- and octasaccharides.

13. A sulfated oligosaccharide according to claim 10, wherein the oligosaccharide is
mannopentaose phosphate from the yeast Pichia holstii.

14. A method for the anti-angiogenic, anti-metastatic and/or anti-inflammatory
treatment of a human or other warm-blooded animal patient in need of such



Sul f at ed ut e Dose Eosi nophi | s/
a i gosa "'" ’ IHL BALF
(% Controt) cer L exaose Punp. i.p. 50rrg/ kg/ day

57[ err]2 |\_/a| tohexaose Punp, i.p. 115ng/ kg/ day

olerr] 7 Ml tywhekssIse Aer osol 10ng/ M [err] PCTIAU96/00238 9824
Mal t ohexaose Aer osol 40ng/ M [err] 6323
Mannopent aose Punp, i.p. 50ng/ kg/ day 6312 a

M ce sensitised to OVA and then a |lung eosinophil influx induced by aerosol
admi ni stration of OVA Sulfted oligosaceBhari des adnministered either i.p.
wth m ni osnotic punps or via the lungs as an aerosol. b Data expressed

as percent control eosinophil nunber in bronchoal veol ar | avage fluid
(BALF) standard emmmmmmm«mmmmmlmm

and received salipe eith ni,o0s, t|c s or .via ngs as an
aerosol. ¢ Concenﬂ'gﬁ Sﬁ Iqq. H'g ﬁi“f'ﬂ%i]gék sol
sol uti on. WD 96/ 33726

PCT/ AU96/ 00238
15.  Use of a sulfated oligosaccharide according to any of claims 1 to 13 as an anti-

“angiogenic, anti-metastatic and/or anti-inflammatory agent in the treatment of a
warm-blooded animal (including a human) patient.

~16. A method or use according to claim 14 or claim 15, wherein the treatment
comprises treatment of an angiogenesis-dependent disease, including angiogenesis
associated with the growth of solid tumours, proliferative retinopathies and
rheumatoid arthritis.

17. A method or use according to claim 14 or claim 15, wherein the treatment
comprises treatment of inflammatory diseases and conditions in which the
heparanase-inhibitory activity inhibits leukocyte infiltration, including chronic
inflammatory diseases such as rheumatoid arthritis, muitiple sclerosns insulin
dependent diabetes mellitus, diseases such as ulcerative colitis and Crohn’s
inflammatory bowel disease, allograft rejection and chronic asthma.

18. A pharmaceutical or veterinary composition for anti-angiogenic, anti-metastatic
and/or anti-inflammatory treatment, which comprises at least one sulfated
oligosaccharide according to any of claims 1 to 13, together with a
pharmaceutically and veterinarily acceptable carrier or diluent therefor.

19.  Use in the manufacture of 2 medicament for the anti-angiogenic, anti-metastatic
and/or anti-inflammatory treatment of a human or other warm-blooded animal
patient of at least one sulfated oligosaccharide according to any of claims 1 to 13,



-Oz_lisc-DSA CH““" Hmulmllwl VELY T TABLE 6 E\EFECT OF SHIEFATED

ENCEPHALOMYEEI T S™ S Stil fat ed No. with Mean Day
Onset[err] D sease Severity A i gosaccharide[err] EAE Total
(% Control ) [ avé de3a7eont r ol 6/ 6 5. SPCTIAY96/00238
100 11 Mannopent aose 3/5 5.3 [err] 0.3 31.5
15.1 Mannopent aose 4/ 5 5.3 0.3 47.9
16.4  phosphate (P.holstii) a EAE induced in Lewis rats with 30 x
10[ err] ConA activated EAE effector cel *93- b Sul f at ed '
ol i gosacchari des, adm nistered via subcut m niosnotic punps inserted at
time of cell transfer, delivered a dose of 70 ng/kg/day. c Mean day of
onset of EAE i20. anlmabhgmhmd#@fdle@mdahfmbg? Di sease severity
represents cunul ative clinical score of ﬁ,rlw_@ WD 96/ 33726
PCT/ AU96/ 00238 s -46 -

a

21.

22.

whereinmhR,groupisthesameandeachrepresentsamonosaccharide
unit, adjacent monosaccharide units being linked by 1+3, 1-+4 and/or 1-+6
glycosidic bonds; and

n is an integer of from 1 to 6.

An oligosaccharide according to claim 20, wherein n is from 1 to 4, preferably 3

or4.

An oligosaccharide according to claim 20 or claim 21, wherein R, represents a
monosaccharide unit which is a hexose selected from the group consisting of
glucose, mannose, altrose, allose, talose, galactose, idose and gulose.

An oligosaccharide according to claim 22, wherein R, represents glucose, mannose
or galactose.

An oligosaccharide according to claim 20 wherein R, is a fully O-acetylated
monosaccharide, or wherein R, is a monosaccharide fully O-esterified with an acyl
moiety other than acetyl.



TABLE 7 EFFECT OF SULFATED MANNCOPENTAGOSE PHOSPHATE O\I

| NFLAMVATORY BOWEL DI SEASE | N. M CE]J

Unt reat ed[ err] Treated[err] Mean

D sease Body Wei ght Mean Di sease Body Wei ght

Secore[err]  wo et ~Score[err] (gm) 0  PCTAU%N0238 (
23.1 0 _ 22.1 1 0 23. 2 .
0 22.1 2 0 23. 6 0
22.6 3 0 5 0 22.5
4 0 | 23.3 1710 0 | 21.9 5

0 23. 4 0 21.9 6

0. 47 23. 3 0. 07 22.4 7 1.40
22.7 0. 40 2, igyre 1 2.47 221
0. 40 22.3 9 2. 87 21. 4 0. 67
22.2 10 2.00 20. 7 .- 0.93 22. 1
a I nfl ammat ory bowel disease induced by, the -adm pi st'r-ation of dextran,
sul fate in the drlnk.{ng waté\‘r ‘( ..--...-.jaays qftpflnltlatlon of
dextran sul fate adm ni stra:tl on.. ci.; “t}nfre@t‘ed 2 {017 lsl tfceived thrice
daily injections of 'vehl ¢l e patied nEFe i g”recel ved thrice
dai ly injections-ot sul &1«{& T o) dioe e ided e ~Y dose of 20

my/ kg/ day. d* -\--Maan O

ai‘ "'*b.ot h. di arrhoea
and rectal bl-eedf ng_‘__ '

2 me point.

20 pg/ml maltohexaose sulph;te
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A=sul f at ed olwgessarmhari de, wherein the ol i gosacchari de has PREAG{ES)
formula I: Rerr]-(Rerr])[err]-Rerr] wherein R err] and

Rlerr] and each Rlerr] represents a nonosaccharide unit, all of

whi ch may be the sane or different, adj§f@Qt nonosaccharide units being
| i nked by 1-2, 1-3, 1-4 and/or 1-6 glycosidic bonds and -

nis an integer of fron11 to 6. : A sul fated oligosacchari de

according to claiml1 wherein nis ngﬁlgé 46 preferably 3 or 4.

NUMBER OF LUNG METASTASES

Cont. 3804 9S04 17804 20 SO4
MALTOHEXAOSE SULFATES



3. A sul fated ol i gosacchari de according to claim1 or claim2, wherein

t he monosaccharide units are_hexoses-selected fromthe group——--——o
consi sting of fructose, gl ucose, mannose, altrose, allose, talose,

gal act ose, idose and gul ose. 4. A sul fated ol i gosacchari de accordi ng

to claim1, weewessrzé he ol i gosacchari de has t he gener BFT/ABIS/ROR | | -
Rerr]-(Rerr])[err]-Rerr] wherein each Rlerr] group is the
sanme and each represents a nonosacchari de uni t, adjacent

nonosacchari de units being |inked by 1-3,7!194 and/or 1-6 gl ycosidic
bonds; and nis an integer 0O roml to 6. 5. A sul fated

ol i gosacchari de according to claim4, wherein nis froml to 4,

preferably 3 or 4. - 51 -

6. A sul fated ol i gosacchari de acco!ﬁi@mcl‘?i m4 or claimb5, wherein
Rl err] represents a nmonosacchar t which is a hexose sel ected

fromthe group consisting of

1007
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gl ucose, mannose, altrose, allose, talose, galactose, idose and gul ose.

7. A sulfated oligasaccharide according to-claimB wherein Rlerr]
represents gl ucose, mannose or gal act ose. 8. A sul fated

ol i gosaccharide according to claim1, wherein the oligosaccharide is

nat ural | y occwomssm2el i gosacchari de. 9. A sulfated oli go?&'é"éﬁ’&?’ﬁ"ﬁ%’
according to claim@8, wherein the oligosaccharide is sel ected from
raf fi nose and stachyose. 10. ‘A sulfated oligosaccharide according to
claim1l1, wherein the oigosaccharide is prepared by enzymatic or
cheni cal degradation of a naturally occuﬁpgﬁb pol ysacchari de. 11.
A sul fated oligosaccharide according to claim10, wherein the

ol i gosaccharide is an anyl ose-, chondroitin- or dextran-derived

ol i gosacchari de. 12. A sulfated oly ih rhge according to claim11,
wherein the oligosaccharide is om nal t ot et r aose,

mal t opent aose, nal t hexaose, gl ucotri ose, gl ucot et r aose,

gl ucopent aose, and chondroitin tetra-, hexa- and octasacchari des. 13. A
sul fated ol i gosacchari de according to claim 10, wherein the oligosaccharide
s mannopent aose phosphate fromthe yeast Pichia holstii. 14. A

nmet hod for the anti-angi ogenic, anti-netastatic and/or anti-inflamatory
treatment of a human or ot her warm bl ooded ani mal patient in need of such

150]

1254

ANGIOGENESIS

Manno-
tetraose (71%)
Manno-
pentaose (71%)
hexaose (55%)

Control
Mannopentaose
Manno-

phosphate (63%)



WD 96/ 33726
PCT/ AU96/ 00238 ' -52 -

treatment, which conprises administration to the patient of an effective
amount of at | east one sulfated oligosaccharide according to any of
ckains 1 to Igooem3rae: Use of a sulfated oligosaccharide atCDAUPGW2IO any
of clains 1 to 13 as an anti - angi ogenic, anti-netastatic and/or
anti-inflammatory agent in the treatnent of a war m bl ooded ani mal

(i ncluding a human) patient. 16. A @Bﬁfpd or use according to claim14
or claim 15, wherein the treatnent conprises treatnment of an

angi ogenesi s- dependent di sease, | ?ﬁ%i& ayi ogenesi s associ at ed
with the gromh of solid tunours, ' a¥l ve retinopat hies and
rheumatoid arthritis. 1 | aim 14 or claim
15, ‘wherein the treat mda? conprises treatnment of inffammatory

di seases and conditions i h the heparanase{\nhi)itory activity
i nhibits | eukocytag infihs i ncl udi ng chronic i pf | ammat ory

di seases such as @heunat of itis, multiple sclerosis, ipsulin
dependent di abet mel lit ases such as ulcerative col ftis and
Crohn's | &f | anmmgg | disease, allograft rejectfon and chronic

asthma.  18. A @harnace r veterinary conposition fof
anti - angi ogeni c, ®nti-net and/or anti-inflamjory treatnent,

which conprises ag | eas60d at ed
/]
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oligosaccharide according to any of clains 1 to 13, together with a

pharmaceutically and veteriparily acceptable carrier or diluent therefor

19. Use in the nanufacture of a medicament for the anti-angi ogenic,
anti-nmetastatic and/ or anti-inflamuatory treatnment of a human or
other war m bl wodedsmagi nal patient of at |east one sul PET/AY96/00238
ol i gosacchari de according to any of clains 1 to 13.
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- 20. An oligosaccharide of the genefm'l}ld ormula I1:

Rlerr]-(Rerr])[err]-Rerr]
1)

-53

wherein each Rlerr] group is the sanme and each
represents a nonosacchari de uni t, adjacent nonosaccharide units
being linked by 1->3, 1->4 and/or 1E | ycosi di ¢ bonds; and
nis an integer of from1l to 6. fguxteollmsacchari de according to
claim20, wherein nis from 1 to 4, preferably 3 or4. 22. An
ol i gosaccharide according to claim20 or claim?2l, wherein Rerr]
represents a nonosaccharide unit which is a hexose selected from

t he group consisting of
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gl ucose, mannose, altrose, allose, talose, gal actose, idose Qﬂ{b@@éea '}

23 4——An ol i-gosaccharide—acgardi ng

gI ucose,” mannose

with an acyl

_ or gal act ose.
according to claim20 wherein Rierr] s a fully Oacetylated
noKosacchari de, or wherein R err] is a nonosaccharide fully Of
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